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. PREFACE .

ABOUT ENERGY TECHNOLOGY MODULES

A}
The modules were developed by TERC:SW for use in two-yeér postsecondary technical

i1nstitutions to prepare technicians for employment and are useful in industry for up-
dating employees in company-sponsored tra1n1ng programs. The pr1nc1p1es, techniques
and skills taught in the modulés, based on tasks that energy technicians perform, were

obtained from a nationwide advisory committee of employers of energy technicians. Each
module was written by a technical expert and approved by representatives from industry.
- - : - '
‘ A module contajns the following elements:

4 '

. Introduction, which identifies the topic and often 1ncludes a rationale for
studying the material.

<
N

Preregulsires, which identi1fy the material a student should be familiar

g . with before studying the.module. T ’
)
N blectlves which clearly 1dent1fy what the student is expected to know for sat-

1sfactory mpdule completlon. The obJect1ves,~stated in terms of action-oriented
behaviors, include such action words as operate, measure, calculate, 1dentify
.and define, rather than wards with many interpretaticns, such as know, under-

bstand learn and appreciate. . K4
'
Sub)q;t Matter, which presents thevbackground theory and techn1ques supportive
* to the objectives of the module. Sub;ect~matter is writtgn with the\technlcal
afudenp'in mind. . )
.Exerzises, which provide practiéal problems to which the student can apply this
‘ new knowledge. = ' — o,
. , .
Laboratory Materials, which identify the equ1pment required to complete t;\\
' ‘ laboratory procedure. . .
. , \ N
. lLaboratory Procedures, which is the experiment sectjon, or "hands-on" portion, of
the module (including step-by-step instruction) designed to reinforce student
‘ learning. ‘ - ’ X
<o ) ’ /
° Data Tables, which are included in most modules for the first year (or basic)
) courses to help the student learn how to collect and organize data. .

Refetences, which are inciuded as suggestions for supplementary reading/
Rererences : 5 A
- viewing for the student. : Y
- N /

Test, whf?h me}sures the student's achievement of tht prestated objectives,

~
s
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e o
Since understanding basic building blocks of electronic

equipment is imperative to functioning effectively in elec- *

tronics and associated fieiﬁs, this module covers general

applications of stages and systems. The discussion includes

flow'of signals through stages and systems,hand‘voltages

necessary for operation. . . \ .

. . T / « .

o - PREREQUISITES .

. : i
The student Should hJ;; completed one year of algebra
‘and should .also be familiar with the concepts of dgrect

¢ .

current gnd alternating current electronics.

° ‘ ‘ -~ OBJECTIVES .

-~ | :

~ Upon completion of thishm€9ule, the student shquld be -
able to: ) ’

1. Défine a stage.

o

‘

2. Défine a-system. !

3. Explain what-a signal is, and how a signal can be
}changgd{ h |

4. 7 Define input to a stage. : ’ -

5. Define output from a stage. (\\

6. State-the purpose of an amplifier.

7. Stai@ the purpogprof waingeneratibn sfages;

8. Name:ihe typés of waveshaping*stages and what they do.

9. List the three ﬁtageg of a power supply and What'jobs

- these stages perform. TN

~ . - .0
,
.
——
;
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v, -
a 10~ Identify indicator devices-and state their character- ©
| istics’. - o - n .

11. State the purposeg of silicon-controlled rectifiqr%'
. (SCRs) .and Triacs: '
12. Name the two main categofﬁes of digital circuits and

describe theilr purpose.
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- SUBJECT MATTER o

Y . ‘ ) 7]
CONCEPTS AND APPLICATION OF INPUT AND OUTPUT

Electronic devices such as tfansiémors, inteérated
packages,'capac;tors, inductors, tran§formers, and resistors
are)interconnecped to create electronic stages and systems.
V.arious arrangémeﬁts are employed in electronics., A stage
is'@gﬁined as "a section in electronic equipment that per--
forms an individual, specific task." A system‘'incorporates
severdl stéges and performs maﬁy tasks.

In virtually all stages and systems, "input" and "out-
put' are elgéfrical locations that aEcept and pass on that
which is. applied to the stage or system. That which is
applied to. a stage or system is called a signal, and is. -

—--, usually a voltage représentation. All stages or systems
a : modify the apﬁlie&'?ignal._ The pages that follow discuss
stage and system applications, as well as modifications they

perform on’'signals. b,

APPLICATIONS OE‘STAGES AND -SYSTEMS
. L, T ’ \
The many staées'qu §ystem§ in use have much in common.

In any.stage or system, the following variables”applied to
the input can be altered: . I —
T Voitage. ' . =

+ Current. - PR

- Power. -,

« Frequency. - -




< . ° -
L) . s,

v

' - - -« N
/r . Voltage is elgctrical pressure, that'causss,electrons '
‘ (current) -to move through a Circuit. ‘ . ' <
’ Current is the movement of electrons through a c1rcﬁ1t/ .

* Power is the amount of eIectrlcal work be1ng dqne in a *’

‘given time perlod o : Vo S

.

FreQuency is’the rate at Wthh a glven alternatlng -
curreﬁt changes. The speed at whlch current reverses direc-

2

tion 'is associated with curreht frequency.. : .
~ In _many casesi only one variable will be chanced In_ .

other cases . two or moré variables can be altered' The fol—
lowing are some, changes that can be pérformed:

. Amplitude. ; R -
., Shape. . i . S . <o r
- Inversion. : ' - ST e .
. Amplitude Tefers to the amount of a-given value. Five
volts 1is indicafediés‘an amplitudé of 5 volts. A value such .
as 0.16 amperes is also an amplitude - in th}s case, o@”tur- :
rent. -

Ve .

*Shape is a pictorial representation of amplitude changes,)
in a given time pe’riod. ' . T A -
Inversion refers to a signal-.that is turned upsi&é down,
. or inverted. Amplitude and frequency are not affected.”
o Examples are dgpigted ih Figure 1. Figures~1a apd 1b -
show a voltage increase taking place. Thersignal in Floure\v
. la is not inverted; in Figure 1b it_is. Figure 1b also shows
an increase in 51cnal amplltude as does -Figure la.. Figure
lc shows a shape change with no amp11f1cat10n or inversion. .

~

\Flcure 1d shows. a‘shape change and: ampllflcatlon




OUTPUT
+2v

/\ 1000 Hz L D S 1000 Hz
Sy STAGE OR SYSTEM —

N4 AN

VOLTAGE.SINE WAVE S . o :
. . . . SINE WAVE.

a. Amplification - .
(output non-inverted) .

»

OUTPUT |

b Voltage Ampliflcatlon SINE WAVE

(output inverted)

Al

INPUT OUTPUT -
' ) +10V.- °*

: 4 STAGE OR SYSTEM~ /\ /\ -—
-1ov | - ) s -10V \/

SQUARE WAVE . ' PR SAWTOOTH WAVE
‘ ‘ c. Waveshaplng L.
,_(go ampllf:cat:on)

<

T ' INPUT ' OUTPUT ¢

3

~

- vN

' STAGE OR SYSTEM

o

.

d Waveshaping
(mversion and ampliflcatlon) -

Figure 1j Bxamp’ljes‘fof—Sta'ge“ Application.
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N 2 )
Regardless-of‘the number of changes, aimos( all stages

or systems can be classified. by the specific change or

changes they perform. The following categories summarize,

most

in most ‘applications, and?the most common <is the amplifier.

electronjc applicafions:

Amplifier (amplification).
Oscillators and wave 'generators. - <
Wavesﬁéping.‘ . -
Rectifiers and filtering.

Regulators. m o - - S T
Indicators and displays. R ™

Thyristors (electronically-controlled switches).
Digital. 3 ) ’ ‘

Decision-making stages or systems are advancing rapidly

~

In this module, each of these items is discussed as a gen-

.eral

application. Practical examples are used for emphasis.

Unless otherwise stated, examples shown refer to a stage.

Later modules discuss each application in detail.

AMPL

> . -
amount of one or more of the following values:

" .

°

[y

.An amplifier is a stage that increases the level or

[EPERS : . .- ¥ '

<

Voltage.

Current. .

Power.

) 3 - + ) 3 . - 3 -
‘Amplifiers are essential in most electronic equipment.
. !

Figure 2 shows some uses for-thése stages. -The amplifier

' can aﬁpliff all or part of the signal applied to the input.

\ . &

N S
" -
- DR
LI B - . . -
.
,
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: | coMMUNICATIONS T o SOUND v
’ EO&PMENT . ) | REPRODUCTION
' . - Co EQUIPMENT,
. _ = _
4
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\ ) ARE . . =
- K USED . ///f
14 - . ,
. HERE
— '
¢ -
5 .
* ° |INDUSTRIAL MONITORING ’ K SJME COMPUTER
. " AND . APPLICATIONS
» .  CONTROL EQUIPMENT

Figure 2. General Ampllfler Use Categories.
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» -“\( Ny

When a stage acts as _an ampllfler it is called an analog
stage. The. term ”analog" indicates 'that the ampllfler looks ’

at all the 1nput ilgnal and can;'lf necessary, reproduce it

P
completely. .
' Most amplifiers are either voltage or powér‘amplifiersf
" These two classifications can be~subdivideﬂ into two cate-
Al gories Which.also have divipibﬁs, as seen in the following
, breakdown: - . . _ B o
: " . . « ’ §




.. DIVISIONS

4

Class of operatlon 1dent;f1es how much- of the

1nput 51gnal will be amplified and'pasSed on
to the output of a stage. The classes are
"as follows : .
a. Class A. B
Cf&ss )
. Class
Class

SUBDIVISIONS

Frequency of operation identifies the operation
rate of the amplifier. Different input signals

' to amplifiers are at different rates of opera-
tion. An'amplifier must be designed to accom-
modate a specific frequenc} rate. L

" D.C. amplifiers. - y

A.C. amplifiers. '

(1) Audio frequencies (AF).”

(2) Video'frequencies’(VF).

(3) Interméediate Erequencies (IF).
(4) Radio frequencies (RE). °

_The'majorod%fferente between the four classes of opera-
ttiodn (A, B, AB and C) is accuracy of reproduction. Class A
reproduces most accurately, with possible error less than,
. 1% to ’%.- In . Class C operation, however, over 50% of . the.
’ signal is destroyed when” it passes through® the stage — but
some of the lost 51cna1 is recaptured at the output bv ushnc

a, re1nsert10n process. ¢

4

1 )

P
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l
The subdivision '"frequeney of operation' is more.ob-
- vious. The input signal ffequeﬁcy may be zero, as is the
input to a d.c. ampriffer, or-it ﬂay be in the upper ranges
of a.c. fréquenci€s. As signals reach radio frequencies,
a peculiar phenomenon occurs. -Instead of traveling in wires,
é}gnalﬁ‘radiate into the atmésphere and travel great dis-

tanc¥®s.,, s - . a

-

This text will not$attempt to break frequency of opera-
v T - €
tions classifications into-other possible subdivision.
, '?i@uﬁﬁ 3 shows a few s%écific applications for ampli-

fiers. .




. ~ ]
N / * -
] 0
. A >
- VARIABLE vt Y .
CONTROL AL
- Lo DG
BATTERY — aeLBER CONTROLLED
~T . ):\‘».x‘:‘.‘ Yoo ' o N DthCE
~\«:~w,\m.;\‘ ,\:: . ?‘
. . , |
_ N .
Y . a Ampuﬂer(oqg\\\
: pamn
AUDIO = ISPEAKER| ~ 9
AMPUIFIER / ) \ ~
o % b. Audio AC Amplifier : ) .
'S M
’ VIDED
AMPLIFIER &
STUDIO MONITOR
c. Video Amplifier - ‘ ,
\ 9 © ) /‘\/\' .
}——""\ Y \
. L T N
- ] RE : ,
AMPLIFIER ]
, ANSMITTED SIGNAL \/
) MICROPHONE L . ‘ .
- d. Radio Amplifier ‘ * :
» /_\ .
] Figure 3. Specific Amplifier Uses.
= - . \ . \) )
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v : .+ OSCILLATORS AND WAVE GENERATORS o ‘ _
L o
OSCILLATORS - |

Osc111ators and wave generators are used in se;eral
electronlc applications. Among these are prgans, communi -
cations eﬂgipment, industrial control equipment, tomputers,

- electronic wétehes, and navigation applications. : |
"These stages are required for the production of a ref-
erence to which signals’afe cghpared, added, or subtracted.
'The terms ”osciliator“ or '"wave generator” refer to a rep-
lica or'repetition. The beat of the human heart is an anal-
ogy, since each heartbeat is dictated by the exertipn re-
‘quirements for certain activities. Likewise, an escillator
oX timer can be changed by altering part of the stage. Each
appllcatlon 1nd1cates a particular requlred rate T ’
Osc111ator$ and wave generators serve 51m11ar roles.
Both produce a repeated wave th%t eupplles a_51gpal ta—atherj
system parts. Oscillators and wave generators arte usually .
categorlzed by . the stage part (or parts) that determines the '

h rate of operation. In_an oscillator, these parts are as fol-
A 3 . '

. lows: \ T
* 1 N N . 4
. *+ Resistor-wapacitor (RC). - L

&

'« Inductor C%Paéitor (LC). i
« Crystal. - ) : .

<

.ﬂ RC oscillators are used in the audio frequency ranges. .

They consist of a resistor and capac1tor combination (called .
- —-——-an-RC-time -constant) that- estaershes~the~requ1red frequency.
LC oscillators use coils and capacitors to determine

the rate of operation. This is accomplished by usingithe

. . .

“
Al t

17 ED-01/Page 11 {




resonant - frequency principle of placing a coil and capacitor
in serles (or parallel with each other) at the 1nput of the
stage.

Crystal oscillators generate a given rate of operatlon
by the use of a stone crystal. Voltage is applled to the
crystal, causing current to flow in the .erystal., -As a re-
sult, this deviee will continue to vibrate at a precise rate
as long as volgage is applfed As with RC and LC™escilla-
tors, the crystal is placed in the input to the stage.

™ All oscillators employ a principle called feedback.
To generate a ‘repeating signal from the stage, a part of
the signal is fed back;jrom the output to the input, so that
the output, supports the/ inplit, signal. As a reswlt, repeti-
tion is guaranteed. An example of 'this principle is shown
in Figure 4. . . ‘ . -

. LI ) ]

OSCILLATOR STAGE - ——— = -— .

INPUT OUTPUT

v-{
Figure 4. Oscillator Stage (Showing Feedback).
e
It shoulﬂ be noted from Flcure 4 that an-oscillator '

stage “has’ no 1nput from a precedlna-stace In this applica-
tién, the rate- determining network is placed in the input to
create the orlolnal .signal for repetltlon, a portlon of the
rate- determ¥n1ng network's signal is “fed back from the output.*

A continuous signal is then available from the output that is
i . s . >
used g's a signal provider for another stage. ig
. R LA
- B !

s - R

18
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In summary, oscillators must meet “four requirements,’ ®
as follows: ~ ' -

-

1. Must be self-starting.

2. Must provide positive feedbqsk.
3. Must be capable of rate determination. r)
4. Output must {Sflace input losses.

These requireqents\ﬁﬁll be discussed in a later module.

The output of RC, LE, and crystal.oscillators is in the
shape of a sine wave, as shoJ% in Figure 5. Although the
amplitude may vary from oscillator to osc111ator, the shape
from a given oscillator is unéhanglng ‘

- —_

Figure 5. ‘Sinusoidal Waveshape (RC, LC, and
Crystal .Generation Outputs).

f

e ¥

WAVE GENERA&ogs
Wave generators are stages whose outputs are used as
system- t1m1ng 51gnals Timing 61gnals resemble the heart-
" beat or a t1ck1ng clock. Without the timing signal, there
is no operation in a system that usgs a wave generator. Y
Wave generators differ from oscilladors primarily in the

- . : l ’




: 1. Rectangular or square wave generators.
., 2. .Ramp generators. o ,
. a. Sawtooth.
b. Trapezoid.
c. Triangle.

There are several types of wave generators, but rectén-
gular wave generators are used most often. Other waveshapes
are developed easily from the rectangular shape.;'The rec-
tangular wave can be developed by this generatgr ip one-of
%Pe following three ways, depending upon the requlked appll-

/

* ‘*cation:

1. Astable (free rurning).
2. Monostable {(one stable state). .
5.7 Bistable (two stable states).

«

Astable
o

T Astable, or. free-Tunning generators, output a continu-
ous rectangular series of pulses, as described in Figure 6
A pulse 1s a repeated amplltude change in a given time

period that is determined by the frequency of the oscillator.

As;eble generators do not ‘remain in a stable state, as do
» monostable or bistabde types. - \

~

¢

Figure 6. Astable Waveform.

N

o
—
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With -the use'ef capacitors, coils, and resistors, saw-

tooth and triéngular waves can be developed from the output
of the wave generator. s y

. . v . . - -
‘ N < .
s - . .
. < .
.

—~

Mqnostable

] The morostable generator has only one stable -state.

It requires an external trigger signal“to ehgnge'momentarily
from its stable state to a temporary s;aqe and back again.
The shapes of its output and trigger signals are shown in

Pl -

Figure 7.

GENERATQ% OUTPUT : Kl . |-

¥

»

“ise-e-
-t

TRIGGER SIGNAL .
SET . - L. SET

Figure 7.  Monostahle Waveshape
. (With Trlggerlng Pulse).

1°

Bistable . - . : N o ‘
A ' .

- ‘ a

v

A bistable- generator has two stable states. . Two exter-
nal trlgger pulses flip the generator back and forth from
one state to another as trlgger 51gna$s occur. As 1n/¢he

~monostab1e generator, the'stage's state only changes when

ot a trlgger signal prOVIdeS 1mpetus. Note -the deference
" between the monostable generator . waveshape in- Flgure 7 and ,
— *the bis'table generator waveshdpe in Figure 8. ° »
) _ s ‘{'}\ ’ 'a' . . , . .
. ! 4 N
o ST 21 _ ED-01/Page 15°
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e, * % a;:& N
! . T v .
S - . -
- - . v
GENERATOR OUTPUT Ce o
i . - o !
» - b' . . I
¢ T . 5 X /
AN - A
TRIGGER SIGNAR. — <
' SET - d ' r
. ¥ RESEY
Figure §. Bistable Waveshape
. . (Wlth Trlgcerlnm Pulse).
% &' T .
) ? Q“

. One wgze generator is®the Advanced :55% Timer, a small,
}nekpensive case contéining the stage in a sealed housing.

The timer'acts as a monostable or an astable gedefator,'
whlchever is required. Moreover, the output rate can be

easily adJusted from™ less than one sgcond to several hours.

Bistable timers are discussed at length in a.later mqdule.

o . N

~-
RAMP GENERATORS' . ; o

' Ramp generators are used in osc1llosco;e> ;&Sar \ele-
vision, angd computer te1ev151on monitors. This uaveforT i
causes the p1cture image to be’ trﬁced across ‘the face of the

"screen. Of particular,importénte is the linegr'sﬁipe&ih }
which the wave occurs. A brief example®of'shape®and use is
illustrated in Figure 9. - =, '.’\ o

Oscillators (RC, LC, and ciystal) have an output 51cna1
called yinusoidal. A 51nu501dg1 wave hqs the same shape as

a .wave roduced from the alternatlno current oenerator 1n

o the power statlon . Wave ceneratdrs on the other hand, pro-
L duce a non51nu501da1 wave (a shape other than >1nu501da1)
This shape takes many forms. ° ﬂ oL .
v . roe . .t ’ .
. » Y ie - o
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. Shape - Tridngular® - )

. Application - Digital Voitmeters and Analog to' Digital Convertors = *
D .

’ 2 - 1 .

»

—_——
.Shape -~ Sawtooth . . .
0 ¢ . Application - dscilloscoées '/ ’ A s
: ) Figure 9. Nonsinusoidal Waveshapes. )
w ) ' o . . IR '
. , . 3 . <
. - / ) -
WAVESHAPING L . . - _ A
.« Many applications in.glectronics .require a waveshape
other than those discussed-so far. Furthermore, when a -
. S ; .
: rectangular, sawtooth, or triangular wave is required, some
. . . ¢ . M
\.' . “ re ’
- . o o 23 ED-01/Page 17
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minor changes can occur because of design methods, and
necessary restoration of the original wave is required.
‘ . ~ . :
Waveshaping stages or circuits are used to perform these
el . .

- tasks. ' ot L .
The following categories of waveshaping circuits will

be discussed briefly (using block diagrams and signal flow),;k

1. Integrator RC shaping (resistor-capacitor).
T2, Differentiator RC shaping (resistor-capacitor). o)
’ a. Clippers. ’ _ . &
T\ b. Slicers. . \\ ~ '

Notice that the input's shape 1s changed as a result of the
stage used. The output will usually have the same frequency,

’

however. . hzijp
" INTEGRATOR . ; . f

An integrator stage converts a rectangular wave-to a £«

modified sawtooth wave. Figure 10 illustrates -the con?er-

sion. State components are the use df-a resistor and capac- Ko
- ) : . ' [
1tor. \ 4 5
¥ . L] ’
: “ : INPUT - .QUTPUT '
["“ 1 . l . INTEGRATOR ‘ ~//’\\J//\\~//1\\.‘
. —> STAGE  |— —~ :
— RECTANGULAR - OR R
. WAVE . ' < : N

- N ~ . - .
. ' //\/\ ,

a I3 L

) Figure 10. Integragtor Stage Conversion. .
]
.- .

e
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. ) . . ' .
The rate of repetition does not~changé as‘a result;
however, shape is altered. Notice that one of two output
shapes ip possible, depending upon éppligation. THi; stage
is used ggémarily for waveshape correction. It eliminates
distortion created by poor design or component-aging.

DIFFERENTIATOR ) - . ‘

-

A dlfferentlator stage is de51gned to alter a sine wave
without destroying its shape. However, the differentiator

stage.usually\ﬁbes alter the amount of S;QHETT\Q§ well as
signal starting time. This condition is illustrated in Fig- -
uré 11.

- - ¢

’\ \» ° . . 4
I ﬁor\ 13 ’ ‘
15v DIFFERENTIATOR .____,L f\\ l//\\\1ov .
lSTART \\\/// I ‘\\,//
, - START o
. ] Co

Figure ll._ Differentiatgr Stage.

- ~ . s . N

Although the baSic shape is still sinusoidal, start time
and height have been thénged. Differentiators can also be
used to alter other waves. ngure 12 shbws the square wave
being «<hanged. Note the output wave is now a splke This ~
shape can be used to trfigger the wave geq9f§£ors prev1ously :
~discussed.. Anothev name for trlgger pulse is steerlng Rulse.

’

\ T -~
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)P . I
- . S ep—— i ¢
¢ " . — -
| ) I i DIFFERENTIATOR . .
——— . .
. ) < A S Il
; RECTANGULAR , SPIKES
. WAVE ) . - N -‘ - =
e :

Figure 12. Other Different%%tor Applications.
x v
- CLIPPERS - . ’ .
- o
A clipper stage is de51oned to cut off an unwanted
portion of a wave. Noise pulses — often produced by inter-

ference from motor brushes, power line insulators, integnal

a

- .electzonic equlpment n01§és automobiles and trucks — m

<

be eliminated if a stage*or svstem “is to operate proper y.
< ' Clippers are of two ‘types: k6 a series clipper and the

\ pgrallel or shunt’ clipper. Clipper names describe the way

\ they -are constructed e}eqtrically. Clipperiéut§Ut wave -

: ' shapes are illustrated in Figure 13. Figure'1l3 illustrates
" two possible outputd. While the circuit has to be altered ,

& ’ Qij\BIOduce one output or the other, the 1nput signal 1is the
X same for ;both. . -
Ay ! -
N ‘ . .
’\ , ) ¥ » ﬁz,‘
4 ’ ‘ \
- 5 v Q
- - . = . g - . F
. i Al
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‘v,
/

+5v :
SERIES AN
/\/ ————> | GLIPPER s /v

' OR .
a'. o ,' —-\/-OV

4 o ’ . 5V
T
/ SHUNT - . R
—_ > >
/\/ CLIPPER —> SN\ s
. OR )
. -5V

<

Figure 13. Clipper Stages.

SBICERS .
Ed M - - /
. A

A sliéér stage (Figﬁre I14) serves a similar\purpois.
The center portion of the .input wave is retained; whereas,
Ahe- top aﬁd’bott&m parts of the input wave are cut off.
This stage 1s placed in a system prlor to a stage requiring’

1‘&

constant amplltude or level. In the slicer(s), the input

‘wave rate is unchanged.

Y -

' \NTER RETAINED
- SLICER 1
sueED OFF

Figure 14. Slicer Stage.

\J
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y Several input signals can be appiied to the slicer ' N
’ (ohe at a time). In each case, the output will  have the

. top and bottom removed.

¢ ¢ ¢

RECTIFICATION AND FILTERING

! All electronlc equrpment requlres direct current volt-
' ages to prov1de proper conditions for operation. Like the .

*3?

automob;Le engine moves the car forward or backward?,only
t

when the driver performs the proper operétion c SO is

~with électronic equipmeént. .The power supply in‘which rec-

tification takes place provides idle voltages for he system.
When the signal 'is aﬁplied to the input, the direct current
Voltage“becomes‘Fhe means by which the signal travels through )
"and reaches the output. . .
It is\impé?atiwe that stage-operating voltages be di}ect
curreﬁt voltages. When applied to a stage, voltages become
a referencé for the signal. If voltages are alternating
current voltages,;the reference is v§ria51e and of little
value: Alternaﬁi&v current voltages must be changed to
direct current voltages.
Most electronlc equlpment receives initial voltages
from alternating current — usually 120 volts a.c. This,
- of course, is obtained from a wall outlet. Because it isw
a.c., the current.must be converted to d.c. to be used as
/ reference voltage'in electronic ages and systems.. The
rectifier is the stage thdt providds initial conversion.s
Futher changing of the voltage wave is required to assure

direct current.

e e e e

| .. y
i - bi




The filter stage provides the final change. A filter
stage consists of resistors, .capacitors, and sometimes, a
coil to complete the job. ' Because the graphic representa-
tion of a d.c. voltage is a straight line, the results of
rectifier apdfilter action are shown as an appfoximate ‘
straight line. Figdre 15 illustrates the input and outpd%.
of these two stages. : ' ‘

) & DCVOLTAGQ\V\\’/\\- ,
f . . \ , b
> RECT[FIER __,/ e Ll FILTER | — )

BOTTOM HALF
REMOVED

o

Figure 15. Power Supply Stages.

Although this block stage sequence shows only one type

of rectification and filtering, it serves to describe the
action taking place.' . : Lo
Rectifiers are gen%rally classified as half wave, full >
wave, or bridges. This module will not discuss rectifiers
in detail. However, generaily speaking, half wave rectifiers
are the least efficient, and bridged rectifiers.are the most
efficient. '
~ Filters (the second stage in Figure 15)*are also cate-
gorized by their efficiency. The two genéral types are RC
* filters and LC filters. |
The student should note at this point that, although
*oscillators also‘possess RC and LC 'stages, application is
not the same.. This condition will becomg more understand-
able in later modules. .

[
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'RC and LC filters are used to reduce the a.c. changes
from the rectifier to a straigﬁl-line voltage. While all.
variationS'usuaﬂly_are not removed, filter stages do remove
.enough variations to accomplish a smooth output voltage
similar to pure.direct current.’

¢

REGULATORS
- <

Vo}tﬁéé; pfovided from power supplies must remain con-
stant 1n &0 tage output. In power suppligs, the 'stage that
assures constant output is the regulator. A regulator com-
pensates for Voltége fluctuations maintaining a constant
d.c.-voltage at its output. In recent years, power supply
regulators have been improved. "Rétent developmen®ts have
yielded the solid state reoulator. Thié device 1s enclosed
in a plastic case; with only cdnnectlons brouOht to the out-
side. . s .

Other regulators incorporate the Zener diode, a device
that possesses unu8ual characteristics. As 2 voltage 1is
applied to this device, the Zener diode allows only a certain
voltage to exist.' As the }nput to this stage changes — due
to other stage interaé¢tion and power line variations — the
~ener regulator locks in a preset voltage at its output.
These devices cap-regulaté voltages ﬁ‘om 2 volts to slightly

over 200 volts. . ‘e
~ Figure 16 iilustrates reéulatér action and shows connec-
tions to the rectifier and filter circuit. : N
= - . a
L

-
»
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AC BOTTOM REMOVED - SLIGHT suz[

POWER / \ " CHANGE VOLTAGE ¢
UNE z ’/v' [

o Y

D_,__* RECTIFIER | —— 3| FILTER | ———» | REGULATOR| —>
* .

.

Figure 16. Power Supply With Regulator.

8 4 -

’ Although power supply protectlon circuits have not been.
discussed all ‘power supplies should have protection. When
the system to which power supplies are connected demands
more power than ‘the design can handle, smeke — and possibly
fire — may occur " Thus, devices such as fuses, c1ro¢ﬁt
breakers, and over-current 11m1ter stages are employed tO
assure safe power demand 11m1ts. These will be discussed
1n more detail later.

Not all systems use regulator c1rcu1ts, however, these

¢ircuits are becoming more common in general system design

8

-

as developments lower the price.

o . . . .
INDICATORS AND DISPLAYS : <
In many electronic systems,‘it becomes necessary to

provide a read-out of some condition that exists'either
within the system, or as a result of the function of the .
system. A variety of devices and associated components *
have been used as display stages. The following list is
a cross-section sample of several in use. ‘ S

.+ Incandescent lamp. '

- .
-

« Neon lamp.

ED-01/Page 25
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* Light-emitting devices (LEDs).
. Liqdi% cryssal devices (LCDs).

1=

Incandescent Lamps
Small-light builbs are used to indicate such messages as
ON-OFF, étaqdby, warning, system norgal, system malfunction
or error, and\% variety of o,her conditions. This device
emits light whem. a current flows through the ﬂamp. Its
longevity is liﬁited, however, primarily due to the filament.
Although some lamps may last as long as 5000 hours, most do
not. A lamp ha? many uses, i;i/;z'can éoqvé& only small
amounts of information. The #£6llowing three states are pos-
sible: '
"+ ON.
 OFF.

*+ Blinking. i 4

" Neon” Lamps

-

’ Although neon lamps serve applications similar. to those °
of incandescent-lamps, “they usually will last longer. How-

© ever, a.neon lamp has a poorAlight level output compared to
an incandescent lamp. Typically, these lamps are used as
in@icator lamps on electronic{kquipment. Often, neon lampi
require a resistor placed in the ¢ircuit with them to reduce

voltage. Most neon lamps — if used as 110 volt indicators -

must have this resistor in the stage.

. -
- [N Y
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When thése lamps begin to fail, the device starts
blinking ON and OFF, even when'a continuous voltage is .
applied. Although this will not cause damage, replacement

is advisable if the lamp is ‘an indicator.

‘Li ht-EmittingzDevices ) -
JTwo devices emerging as promising light emitting units
are LEDs (light—emifting diodes) and LCDs (liquid crystal
displays). . ' ’ .
’ LEDs are diodes that give off visible light when current
is flowing. ,Ihey can be manufactured to prbvide light from
one sousce point or from several points, as required. Fig-
ure 17 shows the difference between these two types of LEDs.
‘ \

d §

l

‘@
|
e\

CONNECTING
* LEADS

a. Single LED 'b. Several LEDs

. Figure 17. Light-Emitting Diodes (LEDs).
. ) . \

Figure 17a shows a single LED which could be used as an
indicator device. .These LEDs are available commercially in

green, yellow, orange, and red.

» +

PR ;
. oty -
. v
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Figure 17b shoﬁs seven LEDs combined in one, small case
to create the 0-9 segment display. All rSeven segments will
be operated for the digit B , as shown. If the digit zero
is required, only six segments will be operated. LED de-
vices and dlsplays require a small voltage to operate

Light level greater than neons, but less than 1ncandesqents,
is possible. The LED usually will outlast both incandescent. =
Or neon lamps. The powez input requirement ragges—é:ém near
zero watts to about 150 milliwatts, with a‘'life expectancy )
ef or greater than, 100, 000 hours.
LCD displays serve the same purpose as LED dlsplavs
They, too, are a 0-9 segment display. One of the major
differences between the LCD and LED displays is the power
requireg'for operation. LCDs typically require microwatts
to operate, as compared to milliwatts for LEDs. Figure’/18
shows a typical LCD dlsplay These devices come in two
styles: reflective and transmissive (Flgure 18). Details
of these styles are discussed in & later module.
Proper voltages are inputed to the display stage.when
‘a pqrtlcular number is to be displayed. Proper portions
of the seoment operate to dlsplay the number desired. These
devices are used in conJunctlon with many electgonic systems.
- Particu;a% usethas appeared in the calculator field, where
low drain on batteries 1is essential. ’ '

- ‘ (. -
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~> et

b Reflectlve Style \

C - EEE .

= ¢. Transmissive Style -

. . N . “
a. LCD 8-segment Digit Display . < - .
K oo > . . S
‘»

Figure_18. Liquid,Crystal Display.

.THYRISTORS

* ° =

Thyristors (electrically-;ontrolled switches) are a
family of stages incorporating a devic% that can be elec-
tronically‘controlled to aéf as a switch add/or:a variable
. Some¢ thyristors have only the ability to
or a.c. current that flows in a system or stage

Other thyristors can adjust the amount of power

power resistor.
turn d.c.
ON or OFF.
applied to items they control.
is taking placé in the ever-changing industrial automation

Erequent use‘Pf thyristors

environment.
by th‘ristors.
listed*below: - " ’ . « -
. Silicon-controlled rectifier (Séﬁs).
- Bidirectional triode thyristor.

For example, ﬁarge motors can be controlled -

The most widely-used thyristors are thosewm

35, ED-01/Page 29.
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[— ¢ s I '
SCRs‘are one-way sw1tches rbldlrectlonal triode thyrls—
\ tors are two-way, sztches. One- waybaﬂ@ two-way refer to the
ab;llty,;o pass current through the SCR or triode thyrlstox.

.

{

\
In the follQWing paragraphs, eagh. device or stage is
-—_;_—__——__diseussed-in-Peg&%d—%e~%apu%-eﬂtput—and~appiiéatienS*most**ﬁ‘”**
often encountered: = - - T S

- »
4 N ‘ - R e b - - - - - - - - h

Silicon-Controlled Ré&tifier.
J o ~ Y .

- . 'The silicon-controlled rectifier- (SCR)"is the 'most

' commonly used thyristor. ThlS stage 1s used pr/lmarlly as

a d.c. electronic swmch "in other words it operates prop-

erly when current passes throuch it in one direction.
Figure 19 111ustrates a smple use of the SCR. Current
is allowed to flow when the control lead receives a voltage.
: After the SCR triggers ON it w1ll continue to operate until-

-

the main power switch 15§ opened ’

; CURRENT ‘ s _CURRENT ‘
e . e

FLOW scR' ; FLOW v~
, , SWITCH -
: SN : ouT

n

( A . l=——CONTROL * -
. . LEAD .
. . ' ' (DC VOLTAGE)

: - DEVICE . I
| e
' ‘ N

. T %t MAIN POWER
DC SOURCE OFF SWITCH

(POSSIBLY: A DC MOTOR)

) o . » .
Figure 19.  Simple Use of a Silicon-Controlled Rectifier.

[ 4 . . '
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. SCRs also c€an be used to control a. c.' current .flow —°
i as a switch, ‘or. as a dev1ce to vary the amount of powerk -
. be1ng fed to a controlled system. : RS
Figure 20 is a block diagram of an application. The
CR closes when the a.c. control voltage appears on the
centrol lead. Once current’ is flarlng through the SCR, 1t
cannot be stopped unless the main switch is opened.or cur-

« rent flow is otherwise reduced.

’

SCR
.. . .- .
. ’ -{
. \ - > .
- le———— CONTROL ' LEAD
( DC VOLTAGE ) ‘
. REDIFIER - : . .
, (CHANGES AC . . MAIN
TO DC) "SWITCH
. e—— AC CONTROL

VOLTAGE o~

DEVICE .
. BEING °
- ~ CONTROLLED .
<
AC SOURCE -
( PO¥SIBLY AN' AC MOTOR) 120V

B3
.

Figure 20. Block Diagram of an SCR Applicafion.

/
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Bidirectional Triode Thyristor:

- \ |
AltHough the\SCR is useful, it has iimitations when, °
~used in a.c. epplitations. The bidirectional triode thyris-

— tor, often called{a Triac,’errco es some of these limita-

-

fion;. . . R ' .

_ -To solve the problem of one-way SCRs, the Triac incor-

porates two SCRs in ope'case. This'alfows current.to flow

two, directions through the stage. Because a.c. current is

always reversing, the complete cycle can be used to provide

all power instead of.just half of it - as was-the case with

the. SCR device. This is an important consideration in energy
“management. ) 3 _

" For example, the Tr1ac can control power to an a c.

motor or a light-illumination system. As long as the trlgger
glead is fed a voltage;.the stage will turn on “and allow- cur-

rent.to.flow through it. Like the §QR, a turn-off method is.

required for the Triac. Detailed exﬁlanations for turning

)“\a\ off the Tr1ac are covered in a later ﬁodule .

4

°
& = *

DIGITAL TECHNIQUES « o - : :
- . . v . ]

- The world of electronics has lived most of\lts llfe e
w1th1n the. concepts Qf analog Analoo refers to/an f-¢. Or
d.c. signal that var1es contlnuously or smoothlv a digital
signal is either ON-or OFF., Therefore, a d1g1ta1 signal is
a two-level condition. An exaﬁble“of a digital device is -
the common wall switch found in the home. When the switch
ls Up, it applles 1200V a,c. to lights. A Down positioo

prov1des Q v a c. Of course, 'not all switches gontrdl 120 V

,y-
"a.c. and 0V a.c. "In the d1g1ta1 world, .two wﬁltages often

-

appear: 12 volts and 5 volts

w -~
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- So that the student can appreciate the difference be-
tween analog and digital, F1gure "21'illustrates examples of
both. Whereas analog signals are always present digital
s1gnals are a ser1es.3f ON-OFF voltages

6o

DLgltal S1gnals are pulses of voltages that flip back

.
°* and forth’'between two preset values. Figure 21b shows three‘

examples. The top example shows ON to be +5 V d.c. and O?F
to be zero; the middle example shows +12 'V d.c. as ON and

Z€T0 as OFE;‘and,the bottom exdmple shows -12 V c.c. as OFF -

and +12 V as ON. : e

) ""These are only three examples. Many conditions can .
ex1st ‘Generally, it is-important to remember that two
;states are necessary to make a signal digital. '

Digitaﬁ-devices have a major advantage .over analog

devices. Because of the simplicity of ON-OFF states, digi-

tal devices are much cheaper to construct.” -The new era of
microprocessors is a classic example of this reality. e
Input and output concepts and applications for digital
circuits differ from analog,carcu1ts.‘\Most d1g1tal,stages
modjfy at the odtpdt’those signals appearing at the input —
" just as.analdg stages do. However, a great many~digital '
stages and systems comb1ne seve\al input signals Lo make one
output s;gnal ’ X

There aré two basic types of §1g1tal stages: decdision-
_@aking and Memory. ’ .

¢

~
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s Var§‘mg Negative DC Voltage
. - *30V |-
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Random AC Voltage 3 '
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a. Types of Analog sigLaJ§'
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- b. Tyma's of Dlgitai signals
-  Figure 21. Analog and Digital Signals.
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Decision-Making Stages-~

“

Decision-making stages provide an output that dgpends
upon a set of input conditions However, once the output
changes, this type stage cannot remember what its output
was before the change.’ 3 iy .stated, the decision- -making,
digital stage has no méﬁ&% ﬁ“%A good example of thlS stage

type 1s the W1ndow and door check system shown in Figure 22Z.

WINDOWS
1. 2. &

-1
OUTPUTS

DECISION
STAGE.

WINDOWS
4 5. 8,

.

s >

%igupe 22. Decision-Making System (Window and Door Check).

In thia figure, if all windows and doors are closed,
the alarm remains OFF; if any are open, ‘the alarm sounds.
aAlthough the alaTm cannot determine wh1ch windows or doofs

g are open; add1t10na1 decision stages can be added to deter-
mine this 1nformat10n - However, once the windows and ‘doors
are closed and the alarm is silenced, the alarm not only does
not remember wh1ch opening caused the alarm, it does not even

Jknow that it previously sounded. . ’ R N

&
4

’
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The Hasic deéision-méking stage is called a gate. Most
gates have two or more inputs, and almost always one output.
Although only one 'gate can be used in simple stages, saﬁgral
are usually combined to form a.larger decision-making cir- -
cuit (called combinatiomal gating or combinational logic
stages). -Most combinational stages prowilde a special logic ®
function, such as those listed below:
« Coding. ' ,
+ Decoding. 4
. Multiplexing.
- + Comparison.
' « Math opératioﬁ.

\

. ‘ This module Yoes not discuss these functlons some %are
' ‘ \\\jxpla;ned in later modules. N o '
Memory

~

The second type of logic stage is the meﬁory device.
Each individual stage has two memory states, cailed flip-
flop. This stage, unlike the decision-making stage, can
remembér two condjtions: the previous condition and ‘the*
present one. Because a di'gital signal is either ON or OFF,
these two. states are represented as 0 and 1. The stage is
placed in either state and remains there to retain the stored
‘condition. In this manner)the memory dev%ee "remembers.

Memory stages, when combined with dec151on-mak3ng
stages, form sequential logic stages. Figure 23 shows a '
general layout of a sequential stage. '

v . ‘ —

Al
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54,
L
INPUTS f OUTPUTS . :
—_— /SEQUENTIAL _—
; STAGE . .
/’1:5,;;
FEEDBACK A FEEDBACK
INPUT. . 3 x ", - OUTPUT .
FEEDBACK
ly
Figure‘ZS. Layout of Sequential-Stages. — .

- -
[

Typical sequential stages are shift registers, shifters,

timers, and sequencers. Each of these devices have multiple-

memory stages working together to perform memory tasks.

RN

SUMMARY !

This mo!fie explalned concept—and appllcatlon of analog
and digital stages In troubleshooting procedures, the tech-
nician must have a good understandlng of the signal 1nput
and output of these stages, since stagertreatment understanq-
Modules that

forlow include additional technical information about how

ing is the key to determining system failure.

the stage performs its function. Voltage and current, as

PR
~ - 4

weldl as device operatlon, ‘will be covered.
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\ - - EXERCISES

- . : . . \ ) ¥
(-3
1. Describe, the outputs from the following stage, with
7€§ the input and stage treatment as shown.
_Class. A voltage ampllﬁlert ;

Input: 1.0 V. a.c, (P-P).‘ e

.

Stage treatment Voltage gain 12. a

2. For each of the” follow1ng outputs, name the pec1f1c

- oscillator or wave- generator stage that prodices it:
1
\

a. . . ‘

[P k - .
! ¢ ¢ \
- WA

. . SINEWAVE — 101‘{52
- %

1
' i

A 2

' C. .
‘ ‘) SQUARE WAVE - IMHZ ~ e
. d. —
} * IS
Y, SQUARE WAVE ~ VARYING RATE .

: . SAWTOOTH WAVE - 60HZ !

\?_

ﬁr-Ol/Page*SQ
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\ '

TP TSR VN P .

o :
\ N b
. .

State one reason why waveshaping stages are used.’ -

(92 ]

4. Name the three- stage combination t produces a d.c.
voltage from a power supply. '

5. State the most efficient rectifier stage discussed in
this TPdule Y )

6. Discuss the abilities of the following displays in -

terms of application: o

a. - Incandescent lamps. ~ l

*b. ! Neon lamps. . s

C. LEDs.

d. LCDs. .

State the disadvan;qgg of SCRs.

8. Refer to Figure 22. Determine which window or door

~1

is open by writing a mathematical statement and describ-:

ing the stages from left.to right. r,

REFERENCES : S |
Yy .

Roylestad, Robérb and Naéhelsky, Louis. Electronic Devices

and Circuit Theory. 2nd ed.- Prentice Hall Publishing
Company, 1978,.1972.
ns, Charles H. Electronic Amplifiers. Delmar Publishing
Co., 1979. ‘
Fld&d Thomas L. Digital Logic Fundamentals. Charles' E.
ﬂerrlllePubllshlng Co. (A Bell and, Howell Company),

1977, .
. \ . \

~
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\ . TEST

¥ “ - 3
K '

1. Using the block diagram below, draw the input and out-,
put waveshapes with P-P values that would appear at
each input and output. . '

VOLTAGE . VOLTAGE VOLTAGE POWER
AMPLIFIER AMPLIFIER AMPLIFIER AMPLIFIER
+10 .
VOLTAGE _AVOLTAGE .| VOLTAGE VOLTAGE
. GAIN y GAIN y GAIN y GAIN
10 ax ~ 5X (UNITY) \ 2x \
L

2. Where would the following rathp generator outputs be
used?. )
. . . A’\

e\




-

supply.

AC UINE VOLTAGE

3. In opdér, fill in the names for the following power

DC OQUTPUT

D—

-

a, SCR. '

b.” Triac. )

5. Name the two basic types of logic stages.

Page 42/ED-01 .

4. State the use of the following thyristors:
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‘ ‘ . INTRODUCTION

“Although vacuum tubes have been replaced by solid-state

devices .in most applications, they are still being used in
high-power applications. Moreaver, technicians will fre-

quently encounter vacuum tubes in equipment.that was pro-

duced in the 1960s and early 1970s. This module: discusses
basic vacuum tube theory and stage application, as well as
tube configurations and class of operation. In the labora-
tory, the 'student will construct operate, and test’ a one-
stage amplifier. ' '

7 [
w

 PREREQUISITES

The student should have completed one year of algebra
and should also be familiar with the concepts of direct

current and alternating current elgctronics.

-

OBJEGTIVES

13

Upoh compIZtion of this module, the student should be

3
< -

%g %able to: -

; .1nl Describe the operation of a vacuum tube amplifier.
xanprhln the purpose of bias.
3xs?§5how how a signal "flows through a tube staye.

{1ain the three classes of tube operatlon and charac-

: .f.z’. .
teristlcs of each. : K\

Ay

Descrlbe signal appearance when a tube has distortion

- T
~ L - i
L. >l
v .
LR T, .
. .
s NI L .
g A
< .
w .
S Sl e ®
< .

Py %g‘“‘ due to improper bias and/or to a large P-P signal.

' ‘ \\\\\\ " ED-02/Page 1
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3 ’,‘ ! e €
N ’ ¥
+ .; ‘\ ‘
& ' . . ! . .
\ ' ‘ . .
¥

e ~
6. Name three tube configurations and the advantages of

each. - >
- 7. Name three types of:couplings and tﬁg impact they have
- on the signal. - v :

8. State two amplifiers used in super-high-frequency
application. « | '

oy
I3
.
.
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' SUBJECT MATTER

VACUUM TUBE AMPLIFIERS ;3 .
/

To understand how an amplifier functions, one must
understand the device's puipqse. A vacuum tube amplifier
is a one-way variable resistor with gaim. Its main purpdée
is to pr0V1de an increase in the level of the 1npuf‘§f§hal
at 1its output While the vacuum tube amp11f1er can alter
the shape of the signal,; the term 1mp11es controlled 1n-
crease. However, some stages, perhaps mlstakenly called
amplifier%, ddo not provide a stage increase — yet they pro-

» vide control and treat the signal. ‘
3/

’ -t

»

<

OPERATION d

For simplicity's s§ke, the water system will be‘used
to.illustrate the concept of amplification. Figure 1 de-
§cribes all the features necesséry in an amplifier.

The control rod .controls water flow by movement IN or
OUT. ., The pump..can move water regardless of the position of.
the control rod If the rod is all the way into the side .
of the p1pe, the pump simply churns the water inside the
pump and moves no water through the pipe.

Notice that the Tod is small compared to the p1pe, this

means that a small rod can control wateér flew in a large
pipe. Herein lies.the basic concept of an amplifier. Use
of an amplifier in a tube en3bles a.small change at 1nput
to effect a large change at output. ) >

B o1 .ED-OZ/Page 3
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| 5 ,
£ l ) .
¥\ .
LoD t . D : —
s CNTROL ROQ ’
. WATER
—_— =
NG ONE "WAY VALVES PUMP
/ ~——1 -
A A - - .
., . W
A .
. N
WATER FLOW

e Figure 1. Water Control Rod.

) In Figure 1, water can only flow through the pipe from,
bottom to top because of the two one-way valves on each side

of the control rod. The following is a summary of the water,

- £l
4

system's features: .
. Smaller input controls larger output g
« Water -flows through output side 1n only one dlrectlonJ
-water volume is controlled by the control rod p051t10n .

i N . A look at the actual tube w1ll show how these 'features
are achjeved electrically. . o
« The tube is shown in Figure 2. Because the khattery is
connected with the positive lead at top (plate) and the ne%a
tive lead at bottom (cathode), current can flow only fromf' ”

»
{
]

3 'v

;.

{ ) ~bottom to top, or from cathode to plate. To further assure r A
that electrons (cursent flow) only pass from cathode to .{%%
plate, a spec1al deslgn feature is implanted i# the tubemﬁfkﬁ

sj@

\\- ' T = - 1
- * \ ’ /

\} Wi
‘:}
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. PLATE
(ACTS AS TOP ONE
WAY VALVE )

&zwn_lT

CATHODE
(ACTS™ AS BOTTOM
ONE WAY VALVE)

HEATER

Fig&%e 2, Tube Control.

[ 4

‘The cathooe is made from a material that has many electrons.
The heater’is placed close to the“tathode_tohaid—remova%—of———jA—w_ ]

b

excess&electrons from the surface. Heatlng is a form of -
energy. N\Heat energy causes electrons to float-above the
cathode instead of resting on the cathode surface,,

1

Because these electrons are free from the cathode sur-
face ang"have a negative charge, any poéitive cnarge'— if
great enough — can attract them. In this application, the °
plate is the affectimng positive charge. Assuming at this
point that the contrpl iead has mo effect on the movement
of electrons from cathode to plate, a preset number of elec-
trons w111 migrate rapidly-from cathode to plate:/7 )
- The cortrol 1ead is usually called a control grid.
Tneiterm;"grld" refers to a‘w1re screen (mesh). Because it

fs a wire mesh, it has many holes. Figure 3 displays the

‘ﬁeontrgl grid, as well as the cathode and heater.

hd . . ‘




c— . g -
e e e e e e Vol } - ~
A - v ' L)
13 ' ‘ .
) ) CAngg )
. R _ P
ANQDE
A S (PLATE)
(PLATE) !;i%iﬁ ‘
= 3 - CONTROL.
NS ! ~
.:.::“:1': GR'D
NS
No= wmeld
¢ Nl el P
':.::.;:‘;' :
CONTROL - [ N .
GRID '.= ‘s,{l .l
ped—11 T ‘& P *
1 = HEATER
U © - T CATHODE
. x 7 TRIODE °
* Y \ -
¥ SUPPORTS . . .
R ' . a, Construction b. Schematic Symbol
v . . g M
- - . o )
l ) v
i Figure 3. Tube Elements.

3 - N .

To make this 1€éad control the electron flow from cathodé
to\plate, the 51gna1 to be amplified must be applied.-
this signal is like the one illustrated in Figure 4 below.

. ' »

Assuyme
’ SINE WAVE

Figure 4.
Input Signal.

. ( / ~

<

the student should rechll some elec-
like charces répel and unlike charges

At thls pplnt
tronlcs ba51cs

‘attmj : , . -

Te

-
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Now, the control lead.is 1nserted into the tube {as
shown in Elgure 7) w1th the 51gnal applied to it.
control lead is ﬂ&aced

3

Once- the
Instead,

it will o longer move.

° , T,

.

®.




the voltage on the control grid determines flow of electrons

»

'from cathode to plate.
To-better understand the control’ of thls grid, refer

to, Figure 5 below. .

, \ \_'_@@e@@

.-ng;§<;7— 7?; : ) '55
‘ |@@@~«/ |

a. b. I

€

r

.

' Figure 5. Output Current Flow for Input Signal €hange:

[
N ] [ '

In Rigure 5a, note that thé control grid (being -2 V)
Tepels more electrons coming from the cathode than it does 1.7-
when the input signal changes the grid potential to 0 volts.
Using the law of repulsion,,onﬁican see then that different
amounts of grid voltage will cause current flow to change
in amount from cathode to plate. If the control lead does _

not become more positive #han the,cathbde;hno~cathode,cur-
"‘rent will flow out.the control lead, bhtkyilllinstead go
out - the plate. - : ) )

The previous explanatlons show that although the con- -
trol lead will effect cbrrent flow through the tube, it will
* not actually use any current. In this respect, the control
lead resembles the Valve in the water flow system.

. When no 51gné1 is present the control lead is preset.
Ifr this state, a preset amount of current will contiﬁuously

. ’

flow from cathode to ple%e. N

L4

-~

L3

. -

h - \ # ' . ED-02/Page 7
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There are several ways to establish ‘this no-signal
voltage; however, only one will be discusséd.“Fifst,-the
following points must be understood:

+ Control grid voltage is commoﬁly termed 'bias." :

"ThlS bias must be d. G- voltage. | C

* The control grid bids is always e€stablished and com-
pared to voltage on the cathode. - o U

‘CATHODE BIAS

"The most common method of bias is cathodé bias. . In

. . . { & . - -
X this method, a\re51stqr is used to Qét&bllSh a difference ’ .
in voltage. "~ Figure 6\illustrates this method. When a cur-
‘ rent~ passes through a Tesistance, a ‘'voltage is dropped
\ across it. With this\in mind, consider placing a resistor -
. \ ) ,.‘ '.'~
BLOCKS DC POINT B :
. PASSES AC . .
l‘}" NO SIGNAL l .
) N 7 e GURRENT - .
I L FLOW. IN — .
- : : POINT'C ——>¢ | OUTPUT SIDE| —— BATTERY =
i POINT A 7T OF TUBE _—
1 — _
AC V)
SIGNAL (V) Rg— sV Rg — . o
:\ ‘ .
< b ~
o, .
! ¥ . .
‘ . fad
Figure 6. Static Tube Preparation. '
N . &

AN

in the cathode lead (in series) so that when a current is
flowing through it, a voltage of 5 volts is droppéd across
it. With current flowing up through resistor Ry » the top

[

Page 8/ED-02 : .
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side is,further from ground, or more positive. This makes

the catﬁpde attached to it more positive. At the same time,
consider Rg in Figure 6. The electrical rules concerning
reslstors in parallel apply, and point A to ground is in
parallel electr1cally w1th point B (through tube) to ground.
.As Rg is discussed, note that_no signal is,present. (The.
missing signal is the dotted line in Figure 6.)

Consider the following facts: g A —_

A signal (dotted line) is actually an adc. voltage
source capable of moving electrons.
When a s1\n51 is present, it can move electrons from .
gxound up through-Rg, through capacltor Cc’ through
the sine wave generator, and back to starting ground -
forming a complete circuit.
With no sxgnal present no electrons flow through Rg
No electrons flow from battery through Rg, through
" point B to, po1nt A, through Rg or through the a.c.
signal source.* As a result there is no d.c. or a.c.
'voltage dropped across Rg‘ Point A then has the same
potential as ground. .Ground =" 0 volts; point A = 0 -
volts. . B ; .-
: P E ] E . n'.. l .‘:o
Because d.c. current flows only through Rk, through the
tube and out the plate the only voltage drop in thé circuit
is across Rk ThlS causes point (C to, be' more poslt1ve than
point B (although .point B has the same potential as ground).
Figure 6 shows that the cathode.resistor Ry establishes
all the voltage differeénce between the control grid and the
cathode. No other component in the diagram can do so.

/

Y.
ED-02/Page 9




In Module ED-01, "Concepts of Iﬁput and Output," the
amplifier was compared to an automobile. Using this same

comparison, the foiﬁowing statements can be made:

>

—

, . - Automobile

 When a car is in neutral, thqjggplne provides the
reference source for the car.

« When a car is moving, and in gear, changes in the
gas pedal position cause increased and decreased

motion.

. Amplifier

' The reference to"which the a.c. signal adds to or

“ - subtracts from is the bias volfage‘

- A positive-going. signal makes the control lead
less negative and ayneoatlve going signal makes\d)

/ the control lead more negative.

* )
e

To make the output side of the tube conduct more cyr-
N ke . -
rent, the control grid voltage must follow changes in signal

voitage by adding to or’'subtracting from bias voltager To~
create stability in the stage, the bias v61taoe mdst remain

A-

constant, SO that output changes occur only because of input

signal changes. ) A ‘ -

s The following summary is offered as clarlflcatlon

v [

I
. . .
' . B
.
N T
.

‘Page 10/ED-02
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No Signal Condition

1. No a.c. or d.c. current flows through.Rg;
therefore, point A-.and ground are left at
zero volts. . '

2. A d.c. current flowing through Rk makes point

. C a greater voltage than ground-zero voltage.

3. It follows, then, that the control grid is

__..less prmifive than. _the. cathode

o

With Signal )

“F 1. A signal placed on the input causes a.c. cur-

rent to flow through R,, varying the voltage
» drop across it. )

2. As Rg and,’ therefor%’ grld voltage change R
(due to 51gna1 changing), the current flow
from cathode to plate changes.

3. Therefore, an input signal voltage changes
the output current flow.

{

- "Figure 7 summdrizes the condition when sigmal is pres-

ent on the control grid. Figures 7a, 7b, and 7c correlate
to Steps 1, Z, and 3 above, respectively._

~
—— -

© e
I3

: - ¢
, _ ' ED-02/Page 11 |
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|
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i Ay 4
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: . 20
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' - MOST OPPOSITION
TO FLOW OF CURRENT

FROM CATHODE

f"'_”;:: .
L@
A LEAST OPPOSITION
"5 . TO OCURRENT MHOW ﬂ
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’ \// TO PLATE

..?;?‘. ‘(: .
o ' TO PLATE
Ao~ . \
(LAW OF REPULSION) CHANGING SIGNAL { LAW OF REPULSION )
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& & b. Action by s&gnal on Control Grig
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Td 1ink the previous explanation with congepts of input,
and output discussed in Module ED-Q01, consider the following:
the control grid is the input and rhe’plate is the output.

A stage amplification is realized, in that the small signal
voltage on the grid controls the large current that flows
out the plate.

Vi

CLASS .OF OPERATION ° -
| ~ | .
Only one class of'operatioo has been discussed thus far.

If every part of the input signal is to be amplified — as
was done in the prev1ous theory — the stage has to be pre-
pared However in many appllcatlons all of the 51gnal may
not be needed. The following categories §pec1fy the amount
of signal to be amplified: '

« Class A — 100% of input signal reproduced. . 5

. Class B — 50% of input signal reproduced by one tube.

A sqcond tube reproduces .other 505%. )
.- Class C — between 20 and 40% of input signal is re- (f///”
‘ producéd. 7

-

“Class of operation in a tube is created by changing the
d.c. bias-befweeq the control grid and cathode. In the case
of Class A, a cathode resistor is usuallv used. Class B
usually eliminates the cgthode resistor; the positive alter-
nation of the input 51gna1 causes output-current to flow.
However, in Class C, a capacitor and re51stor attached to
the input control grid usually cause thq;proper voltage for
operation. ‘ o ;

To gain a better appreciation of whe class of operation,:
Figure 8 outlines the waveforms reproduced by the tubg when

v
- &

ED:02/Page 13
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¢ ‘ -

a contlnuousr51ne wave 1is placed on the control grid for

three classes of operation.

<

L

INPUT OUTPUT
YOLTAGE ” ‘ CURRENT

p)

-

A ‘1/\\ CURRENT FLOW
CLASS 100% OF TIME

a

CLASS B _AZ &<:7r z \ CURRENT FLOW
. A ‘—g 50% OF TIME

CURRENT FLOW
20 - 40% OF TIME

Input Voltage and Output Current
for Classes A, B, and C.

. <

" . ]
As one progresses from Class A to Class C, less and

less signal 1is feproduced in the output, even though all
the signal is present in the input. C e

A stereo amplifier is an example of Class A, where the
listener must hear all input sounds at outpdt for good fidel-
ity. If a succeeding stage in another applitation needs only
the top of the positive peak of a sine wave to make it oper-
ate, then Class C is used. This latter example is used ex-
tensively in oscillator stages. - .

It is important to have proper d.c. vzkfhges on control

grids for each class of operatlon one wish to create.




DISTORTION

N

When grid voltage (bias) is improper = or changes :r
durlng operation, some amount of distortion.occurs as a
"result. The intended output will be altered because of the
input voltage error. Two examples of distortion are §hown

in Figure 9.

‘ / -

~ OUTPUT CURRENT

. TOPS
. CLIPPED
a. Class A Distortion OFF
. . \\___c// :

<

J .

TOP

. (-\
CLIPPED
’ OFF

b. Class 8 Distortion

rd

-

Figurc 9. 'Distortion of.Class A and Class B.

-In Flgure 9a, the audlo from a speaker weuld sound

slightly dlstorted or garbled because the top and bottom of

each cycle is. m1551ng, thus, a part of the wave is not heard. . -
The proper bias on a tube may be checked bycu51ng a ‘

d.c: voltmeter, by placing- the p051t1ve lead on tﬁe eontrol

grid and the negative lead on the cathode. Thé ¥oltage read .

' will be the dlfference in potential between these two, parts

of the input section. One must then check te¢hnical data to .

" determine proper voltage values.

, . ED-02/Page 15
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Thus far, tube operhtion, class of operation, and dis-
tortion have bgen discussed. Tubes are further categorized -
as to their function in a given stage .or system. As stated

in Module ED-01, two éenéral categories are voltage and power.
Note the following functiqns'of Classes A, B, and C:

1. Class A amplifiers are usually voltage amplifiers
(with some exceptions). ' ‘ . “

~,

2. Class B are usually power, amplifiers.

(9]

Class C are used for volEage and'power stﬁges as
follows: \ ’
a. Radio frequency powe& ampllfler staoes os

b. Osc111ator/amp11f1er >tace&\

Y
o

.
3

ANPLIFLER CONFIGURATIONS -

To satlsfy specific requlrements in a system, various
amplifiers can be classified accordlno to circuit configura-
tion. A‘configuration is defined as 'an electrical hookup
showing éhs input and output and method of achieving operat-
ing.voltages.

The following three conﬁlguratlons are created in tube

-stages: o .

>

- Common cathode.
- Common grid. \-
'+« Common ,plate.,

Each configuration achieves specific goals. These
goals are charted in Table 1.

Page 16/ED-0
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TABLE 1.

COMPARISONS OF CONFIGURATIONS.

Pl

~

Configu;atioh

+ Amplification

Voltage

Current

Power

. (EXI)

—_—
Input/Output
Resistance

—

Input

~Output

Common Cathode

High

“High

Highest

High

High

Common Grid

Nane

Good

Lowest

Highest

Highest

Common Plate None Highest | Good Highest } Lowest

\

. i

Although Class A, B, or € Operation is not specified,'
the three c0nf1gurat10ns' classes of operatlon would be
'chosen according to en01neer1ng requlrements Any one of
the thTee classes could be used in any one of the three
configurations,

depending upemapplication. The. following

paragraphs - 'contain in-depth discussions of these configura-

LS

tions.

Common Cathode

The-
basic operation of a vacuum tube (discussed at the beginning -

The prevalent configuration is the common cathode.

of this module) is accomplished by using a common cathode

Figure 10 illustrates thé electrical diagram showing

stage.

in Tt

and output signals’

r

ED-02/Page 17
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.

PR 1 o]
N . M IED AND
\ /\\\/ N )
ineut 7\
) POWER ’
SUPPLY
v (81) -
— 300V DC
A — ]
t
Figure 10. Common Cathode Amplifier. - *

A
AJ

’The%input signal is applied between the cohtrol'grid
and gfound. Notice that—tiré first-alternation of the input
X signal is positive:ooino This signal on the input controls
| the current flow from ground through Ries throuoh the tube
and down through R;. Because R} is a reslstor, it has a
changing voltage drop. . "L

If this changlno EpL is subtracted from the 300- V dlc.
pover supply, it will cause the ‘voltage from point A to

., “ground to change. THis voltage .change from point A "to grouqdv

3
s

"+ is Fhe voltage signal that is sent on through capacitor Ctz
to the next stage. Capacitors C. and C., are necessary to
‘keep'out anf d.c. voltages that are belng fed to any previous .
or succeeding stages. o . . .
) CapaciEor Ck’ called an a.c. bypass capacitor, is neces- . A
- sary to create good stability and gain in the stage. 'Note .~
that in the output,”’ the voltage signal is inverted from the
input voltage signal. Thg common ca;hode:stage turns the
t,signal upside down — or more commonly,, shifts the signal

130°.

. ’ 6}; . . ) .

Page 18/ED-02
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This stage and other types- can be checked fQr proper

operatign by’using a voltmeter and oscilloscope. The volt-

meter is used to check the d.c. bias voltage and d:ci plate
voltage The oscilloscope is used to 1ook'at the "input and
output waveform. In the lab exercises at the end of this '
module, the student will have an opportunﬁ‘y to use both
the voltmeter ‘and the oscilloscope:

Common Grid

The common grid configuration is used where a.low input
resistance and a mode}ately high output resistance exist.
A low input resistance indicates that a reasonable input
current, can flow. Auhighaoutput resistance indicates that

little current can flow in the output. .

The common grid stage is used when the prev1ous stage
. has a low output resistance from 1t54p1ate circuit, and the
succeeding stage has a moderately high input resistance in

" its grid circuit. ’ °. : .-

. Beceuse the 1nput 51gna1'1s*fed to the cathode and the
control ‘grid is grounded, the 1nput and odtput are electri-
cally,isolated; However, thg stage 'still acts as an ampli-
fier. : e

e, *

=" In the. study of cathode bias, it was stated that "a

&

smalsl signal change oh the control grid causes a large sig-
nal change in the output.! fn the common grid stage, the

-
& * ' 4 -
. s . 3 1
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. change in the input circuit
grid is stationary. As long
: Pt will also control o

- . . grid stage,

—~ 300vV- 8t : N
LPOWER SUPPLY . ) -*

; Figure 11. Common Grid Amplifier. S’
! t

. The output s de of the common grid sta&;* functW
exactly likg the output 51de of the common cathoge stace

However, W\a 180° phase shift from input’ to%gxt @ >
. — - .

put' 3 - s * 4 [

°

Although the commgn crld stage has no current a@ln it
d),es have -the hlchest oltage gain of all thnee con‘%‘loura- R

)) tions. «~ The power gain is only medium. ‘
) The commor grid stage is used 1in very high freQuencv
’0

1 applications because the grounded crld causes thg m@vut to
be isolated electrlcallv from}ie output« '

- i
B . -

—

~

\ s
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. . . ‘ » .

-, Common Plate . . )
'_tff . > * 4 - . [

.. The common plate stage is used for impedance matching[

When a previous stage has a high output resistance and the
succeeding stage a low input resistance,. the "common plate
. stage mdtches the two. Figure 12 shows the common plate - coo

- stage. C :

Y

\' .
300V POWER .SUPPLY

|

O— 1< — - R « )
. ~ /¢ -
« 7 N R b
. g >
\ € —0
S RKAND R T NV F '
o w
" ’ - = T
' v, \/,.‘ ) - , "’ .
. ' P .
' Figure 12.. Gommon Plate Amplifier, , -

. . .
- . N

The input signal is pldced on-the control grid, with
output taken across the .resistor in the cathode lead. The
« , input yesistahce is hiéh, and little'signal current flows. - .
*T Howeve;,\ﬁhe output resistance is approxiﬁately equal to
ﬂ - RL The #alue of this ;esistor is very low compared
s to. 1nput\€es1stance. . ’
" - This conflguratlon is often called a cathode follower .
~ stage.. 0utpu§\51gnal tends to follow 1nput S1gnal that is,
. the signal 1s not phase-inverted. Although the cathode
- follower stage hastno Voltage gain 1t does havg(hlgh cur-

- . rent gain and reasonable power galn, . l ' B
. . _\\ . - ! 5

~
~ . -

. .
.
- s N * N N ¢
: . e ) N\
. .

- . N ' . .
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In summary, it must be noted that specific application
dictates which configuration is used. 1In any system, the
Eommon cathode stage is most prevalent, followed by the
%ommon plate stage. The common grid configuration is not.

as frequently encountered; however, it is used in high fre-
P .

v
°

. quency communicationg equipment.

#

{

STAGE COUPLING

The signal must be transferred from one stage to the
next. This is accomplished by capacitive coupling, trans-
former coupling, or direct current coupling. Examples of
each will be discussed in the following.paragraphs.

Capacitive Coupling

QK‘

i

From the study of .capacitors, it cap be recalled £hat .
< this device passes a.c. current flow and blocks d.c. current
"flolv. When used as a coupling capac1tor, its capac1tance

value is chosen to present the lowest”p0551ole capacitive
Teactance to the a.c. current that is flow1ng . Because
o different signal frequencies flow in a given system, each
| application has to be calculated individdélly.‘ Figure 15
shows two examples with different frequencies applied.
Capacitive coupling is the most common type, of coupling
used in audio stages. .However, d.c. coupling is also used,
since capacitors always provide a voltage'ioss when used' as
couplgng-dqviées, and d.c. cqupliﬁg eliminates these capac-
. A;to}s. ‘ ' ‘
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K}

1KHZ ¥ . . '
——— 1 STAGE 1 ___|Q——> STAGE 2 t—>» "\

o]
Designer decides X. must = 100 2 (ohms) !
= 1 -‘J 1 = < :
- 1.5 F ¢ ’
(microfarads) s
. -~
20.000 HZ . T : .
———>{ STAGE 1 f——{C—>1 STAGE 2 +——> N\,
o]
. Xe = 100 2 (bhms)
- ’ C = 1 = 1
T ° ."rFKc (Z7j(20,000)¢L00) °
\ Figure 13. Capacitive Coupliag.

Figure.14 illustrates a fhreelstége\capacitive coupled
amplifier. Three Class A stages with capdcitiveacoupIing
\\gré shpwn in the figure: The frequency range of the input
here could be.around 50 Hz to 15,000 Hz, or in the audio
frequency range. The coupling capacitors,. Cy, Cs; and Cs,

couple this signal from the turntable and from stage to
stage. Each ampllfler operates Cl¥ss -A and is a common
cathode configuration which provides both voltage and cur-

rent gain. Because the-last stage drives a, speaker, it-is «

more a current, amplifier than the previols stages were.
. .

Py L3




.

o STAGE 1 STAGE 2 STAGE 3
INPUT: . - . ouTPUT
: TO * SPEAKER

Q

Figure 14. 'Three-Stage Capacitiye Coupled Amplifier.

N .
1 ~ .

-

Transformer Coupling

’
-~

A tfaﬂsforme; reacts to a tnanging a.c. signal. Similar
to capacitors, thgser devices pass a.c. and block d.c. Remem-
ber, transformers are impedance-matching devices andy there-
fore, can be used between stages to pass a.c. siohals'while
keeping d.c. voltages 1n their respectlve areas. - Figure 15
shows two examples of transformer coupling.

Figure 15a shows that re®istance in the output of stage
1 is equal to the resistance of the input of stage 2. For
example, if the voltage level in the prlmary is 10 volts
a.c., then the voltage in the secondary is appnow1mate1v 10
‘volts (excludlng any loss in the:transformer). The trans-
former in Figure 15b shows 'a vbltage step down because of the
resistance ratio of 100:1 (16‘0069/1009) In this a da-
tion, the voltage in the. secondarv 1s considerably less than

* the voltage in primary. Accprdlnghto transformer.theory, a
voltage rcductlon produces current increase, as shown by the
following'ratid: . ’ . .

. <4 Y .
s . #
~02 C » o
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STAGE 1 | s0q 500 STAGE 2

PRIMARY  SECONDARY

@

(o]

4

STAGE 1 ; STAGE 2

,Figure 15.. Transformer Coupling.

voltage to current ratio

4

P

This formula states- that the current ratio is a rec1p-
rocal of the voltage ratio. In Figure 15b, when looklng at
the signal in the primary and secondary with an oscilloscope
(an oscilloscope records Voltage), the secondary will have
a much smaller P-P Voltage value.

Assume that the same range of frequenc1es was inputted
to the three-stage transforme: coupled system in Figure 16
as was inputted to the capacitive coupled system. Trans-
‘formeT coupling, as cohpared to capacitive coupling, limits
the low and hlgh frequencies of the signal, because of the
propert1e§ of the transformers, Instead of 50 Hz the low

~-

. .
> &
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AJ

&
* ; N
i . % N .
STAGE 1 STAGE 2 STAGE 3 TO .
SPEAKER
%i:
+

Ry. YPOWER
3 TSUPPLY'

—
— ——
- -
- -

Figure 16. Transformer Coupling.

end may be 105 Hz, thereby limiting low, or bass, frequencies,

Moreover, the high frequency may end at 12,000 H:z, instead of

15,000 Hz, thereby reducing treble frequencies.

Recall from previous data that the transformer passes
the a.c. signal and keeps the Tespective d.c. voltages in

the stages that the d.c. voltages are operating.

Direct Current Coupling

~ In the two prev1ous types of couplln d.c. voltages
are blocked, pa551no ohly a.c. signal voltaoes When~direct
current (d.c.) coupllng is used, both d.c. and a.c. voltages
are passed from one stage to the next. Figure 17 illustrates _
this_type of coupling. N

Figure 17a shows output from >taoe 1 connected wire to

the input.'of stage 2. Figure 17b shows a resistor betweén
the two stages: Because a resistor passes d.c: and a.c.
voltages — as does a wire — the two stages share both d.c.
and a.c. voltages. Although the resistor does reduce d.c.

and a.c.'voltages, it allows both to pass.

-

Page 20/ED-02 - ‘ .
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N, —>{ STAGE 1 STAGE 2 |—— 7\,

s
a
A
/\/ —1 STAGE 1 AVAVAV. STAGE 2 |— /'\/
/7 .
b,
* Figure 17. "Direct coupling.
, .
In tube circuits, d.c. coupling is not commonly used.
However, when solid-state devices are covered .in later
{ - modules, this type of coupling will be discussed.

MISCELLANEOUS TUBE CIkCUITS -

Specialized circuits are often employed in electronics.
Some frequently-encountered specialized circuits will be \\\

‘discussed in the following paragraphs.

7™ v

Laser Amplifiers
. Recent &éVelopments in electronics have produced the
~laser. The term "laser” is the abbreviation for lTight
amplification by stimulated emission of radiation. - Although
the eye cannot see the beam of light the laser produces (i£§
.frequency is beyond.the range of human.vision), the laser can

e used to transmit information. Communications is making

-
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considerable inroads; however, the medical field has made
the most significant contributions to the development of
new applications for lasers. ‘

-

L4

Traveling-Wave Tube Amplifier ’

A similar devicesto the laser is the traveliqg-wave‘
tube (TWT). _ The basic form of this device contains an
electron gun which beams a stream of electrons through a

, helically-wound coil to a collector electrode. A signal

is inputted to the input side and interacts with beam and
helical coils to create a modulated wave at a super high

frequency (SHF).  This unit, a low voltage output device,
is often used to provide input to a final amplifier, such
as a klystron. Figure 18 shows the basic TWT.

.
- a

' [e}
- . 4
' BEAM FORMING ANOOE
. CATHODE 200V TO 300V OUTPUT
ov. (PART/CUT AWAY) DIRECTIONAL
. : COUPLER COLLECTOR
» 500V TO 1500V
7
. L 1) (}{,’l
* o oy
) T
/ B
’ 1
‘ MODULATOR GRID I
‘ OV TO -50V D
INPUT i
DIRECTIONAL ., | | L b
COUPLER 1 O = : - 1Y
< : INPUT J . OUTPUT
JACK JACK

Figure 138. The Traveling-ivave ;ube Amplifier”

5 : - L.

s

®

. . . L4
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Klystron Amplifier. . - s

A klystron device can also be used to amplify signals -
‘_ig'the»microwavé frequency :range. Similar.to the TWT, gh
electron beam in the klystron device is fed from a cathode
! toward the collector. A signal placed on the input terminal
| causes electrons coming from the cathode to change speed,
creating bun;éiné and expansion along the length of the tube.

Figyre 19 shows tiuis condition. The end result is a modu- .
lated wave at the output. '
N
INPUT OUTPUT
TERMINAL TERMINAL
BEAM BUNGKER ‘ .
FOCUSING CAVY | ‘
PLATES ’ .
: A AVIT
_ CATHODE (////,C‘TCHER,C vITY
i A
@ /@ COLLECTOR | :
. DRIFT
. SPACE
- : : 1]
’ , N - *> » *
' Figure 19. Two-Cavity Kiystron Amplifier.
L . L. . Ao
' This device is usually used to drive an antenna which
is used in a communications network (like those atop’tele-
A . ’
: phone offices).
’ . R L
. , , p . | ,
oS - 4 ‘ i ’ -
. 1)
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SUMMARY-

Sevgral points concerning wvacuum tubes ahd their appli-
.cations are‘summarized below:
- Tubes are sealed in a vacuum.
’ - Most tubes provide amplification to the si al'placed
. on the input.
+ Stage resistances mustgbe matched so the signal will
be transferred succeésfully without heavy losses from
one stage to the next. - '
. Depending”upon théfneeds, tubes can be configured and
© classed to provide specific characteristics necessary
T f&r desired sigdalvgyeatment. f ‘
¢ =+ Basic theories of tubes can be altered to provide-a
« variety of tube applications.

- Although only tﬂz one-grid'tube was used to explain
vacuum ,tube operation, mulfi~grid tubes are also in usé.
When a tube has additional grids constructed within the
tube, grids usuall} have been added £o improve tube opera-
tion as a transfer and amplifying device. Consequentdy,
multi-grid tubes have sometimes been added to modern tube

.equipment. . P
. . Ve

¥

O ’
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- EXERCISES .
1. Research, then &raw dragfam,sxmbolé'for the'following)
tubes: ' '
.a. Triode. & -
b. Tetrode. - ;
c. Pentode. i ’ \ -
2. Draw three conf!%urations and show how input signals
) and output loads wauld be connected. (Use capacitor
coupling on the input sides of the stages and,trgné-
former coupling on the output sides.)
3. Qesearch, then state the general classification of the
t range of frequencies from audio to ultra-higﬁ radio - -
¥ '*frequencies. ' -
¢ -~ ‘ ot

~

LABORATORY MATERIALS

/
Equipment: ]

‘

1 power supply, 0-300 V d.c., 5-10 mA ability (regulated).
"1 power supply,' 0-10 volts, 1-5 mA ability (regulatedx'
2 vacuum tube voltmeters:
- d.c. volt range: 0-1000 V d.c.
a.c. volt range: 1-20 V-a.c.

o

1 oscilloscope, triggered 5 mHz|dual trace.
or ¢ - . —'v RTINS P ’ . ’ 't
L.y
2 oscilloscopes, triggered 5 mHz\single trace.
1 0-20,000 Hz signal generator (audio). . ’
L o : ’
Components: ) , .. .
2 §-12 microfarads, 600 WV d.c. .
2_resistor sub-boxes, Heathkit EU-28A or equivalent.

» ) ' ) S 'ED-OZ/Page 31
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1 120 V a.c./12-6 V a.c. filament tfansfgi;%r.
112 AX 7.

1 breadboard to accommodate tube hookup.

I 1K@ 2 watt 5% resistor (carboﬁ).

1 100KQ 2 wétt 5% resistor (carbon).

LS

LABORATORY PROCEDURES

VACUUM TUBE AMPLIFIER

In this experiment, the students build and opéfrate a
triode amplifier. ' . /////—

PROCEDURE ' R

-4 : , ‘
Look up the tube base diagram in a tube characteristic
manual to detefmine socket pin connections. se the
left side of the tube diagram for hookup. '
" 7 Connécs 1/2 ot 12AX7, as shown in Figure 20.

I(
1)

- ‘
“:;F L L - 10uF

LA ey f—

‘ ¥

O MR = SCOPE
p

- CHANNEL
RES <§100 kQ 8
BOX

Ry =

! bRg
500 kQ
. RES BOX

20. Schematic for Triode Amplifier.

!




AN
The Vpp power supply should be connected with the (+) ' (

terminal toward the plate

Prewarm the osc1lloscope and sighal generator

After.the instructor has checked the circuit for cor-

rect connections, turn on the filament power supply’ and

wait about 1 minute. Then turn on the 0-300 V d.c.
power supply. (No waiting is necessary for the 0-300 V

"d.c. power supply.) ,

Adjust the signal generator so there is approximately

a 0.5V a.c. signal (P-P) showing on scope channel A.

Place this$ value in the Data Table.

. Measure the output on scope channel B. Record results

in, the Data Table. S

Using.A out/A in, calculatq‘phe voltage gain.- Place

_ the result here: R . J

Adjust the resistance boxgs used for Rg and Rp so that
the greatest amplltude with the least distortion 1is C.
obtained. Record these values below:

Rg Rp ,

. Does this tube invert the signal friqm input to outpdt?

[

9

f
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DATA TABLE

N

DATA TABLE. VACUUM TUBE AMPLIFIER.

ENPUT ‘ : OUTPUT

&#Input-volfage : %utput voltage--
L o

Wave shape: ' Wave shape:
:3 a

-~
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"\ .o | o .
C | | ' TEST
i 1. ‘.The'acontrol_grid’in'ga Glas:s A stage'conducts'\current
- . ' flow. ( ' - - ‘ )
1‘_ ¢ a. . T-I:ue . § ot . ¢ )
’ b False LR .
. 2. VWhen the control grid in a Class A stage becomes more
‘ negatlve, the plate current increases.
MR a.,v? a.'” True = ° . - )
"'*& ’ ‘br | False . LT ’- :
3. As far as the power supply is concerned, list the
‘ .¢lasses of operatiop. in‘aorder of their -efficiencie's.
’ . o a. : N Lt . & . t
" b . . .
,e 4,. As far as the signal repro:iuction is cgncerned list
A the classes of operation in order of their distortion.
7 operETio {
USRI ,a. Least _° S et e " .
) c. Most . - _ @
e S -‘A's far as frequency response is concerned list the
) thrée typés of coupling in the order they limit -the
xrange_:’of" the input signal. ) :
L a.+ , Most hlim'itving T ' . ‘,' S
AR bo -, | . ~ T ;
. c. " Least 11m1mng - . _’ i
' 6. h‘hat ty{ae of conf;guratlon is used for a. hlgh frequency
BRI aﬂp’ilfler when 1nput to output 1solat10n is requlred?
ot 7. thicnl"c-onfig'nratip&n ‘has the following" o '
. . . ©a, Most power gaip , ; . \ ) :
CaL .. ‘b. @ Most velfage gafn = _ -~ . .o 0
S c.: ) Most c}urrent gain _- ' Z; DR \ .
Lo . : o .o i ) .
o g . ' o, " C T ED 02/Page 35
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o
‘ 8. Bias in a tube is used to do the following:
a. Set the static conditions of a tube
b. Set the dynamic conditions of a tube
R ] . o0 R - &
] c. Modulate the tube . ‘
. d. None of the above . . .
AN
' v
T
Jy . . :
& .
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; . . SOLID STATE DEVICES . .

' ’ - P - - e - .
N - e <

] - -y , ¢
Semiconductor dlodes and t£§n51stors are classed gs’

solid-state devices because the electronlc act;bn otcurs d

1n a 5011d crystal, semlconductor material. “Becduse ‘these
'deV1ces are small and llghtwexght ggve no filament' and
are economlcal to manufacture thev are rapldly replac1no
almost every vacuum tube appllcatlon known — except the .
high-power tybes used in some transmitters. This modulez
discusses basic -physics ipd electrlcal propertles of solid-
state dev1ces as well .as practical appllcatlons In ;He
laboratory, the student learns the operation of a common,

emitter amplifiér. and testing procedufes for bipolaf'tran- .

sistors. ' A ~

. . - :
¢ " s Ry

~ ~

-

< 5

<2 ‘
d . .

,3 ‘

The student should have completed ode year of aloebra

. and'should also be familiar with the concébts of direct

current and alternatlng currens electronlcs - )

-

" ' ' |
Y @ ‘ ' ‘ ’Q

T . PREREQUISITES

2. " Name disadvantages of bipolar transistors.

-

- : _ OBJECTIVES

~
-

' Upon com%;etlon of this dbdule the ‘student, shouLdzz .

able to: ° A

1. Name advantagés of bipolar transistprs over tubes.? ..

4

.

- , . L

- . -

- £ « 7 . 4

«
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* 3.
4.
* G
5.
} 6.

va
i3

10.
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State atom structures of 3-,

materials.

4'"
el'ectrons -and cembinatiops théreof to form. N-

+

and S5-valence-ring
and.P-

- <

Describe the proce§s of using both one and two junc-

tions to form P-N diodes and P-N bipdlar-transistors.
Include. both NPN and PNP transistofts.

Explain atom structure differences between NPN and

PNP tran51stors.

- With an ohmmeter, successfully test an
transistor for junction condition.

Etplaln differences between bipolar and unlpolar

transistors.

4

7

8. ‘Define the terms "depletion mode"
made" as' they. relate to an IGFET.

VlN and PNP

-~

~

and "enhancement

State a réason why gates can never be made positive

“for a N- channel -JFET or depletlon node X- ch®nnel IGFET,

-

and state a reason whv gates can never be made negative

for a 'P-channel JFET or depletion mode P- channel IGFET.

State >afety ‘precautions 'to be taken in the use of

IGFETs. -

“2/ED-05
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SUBJECT MATTER

‘,~Discrete,~solid-etate devices are diviéed into two ‘
pninary.categories: bipolar and unipolar. Bipolar devices 3
are constructed withssemitonductor junctions; whereas, uni-

polar devices consist of one semiconductor material. This ‘
module disc¢usses bipolar devices, as w&lt as the more ad-

e .

vanced unipolar' field-effect devices. N

&

BIPOLAR DEVICES
Considering the advantages of soltd — state devices, it
is understandable that the electronics industry has capi-
talized on their use whenever possible. Following is a list °
.of the advantages they pose over vacuum tube dev1ces N
. NO filament ‘ *
.+ Longer 1life expectancy.

- Compact.
* -Lightweight. -

-~

- Less fragile.
- Instant-ON. .
« Lower ‘power-supply voltages. o -
-« Less operating current fequirement

2 i

In constructlng any systemy; both size and weight play
.an important role. Energy use, in ﬁ%rtlcular is a er1t1ca1
consideration in de51gn Moreover, the space race has de-
‘manded rugged- equipment that'éan withstand vibration and
»changlng temperatures’ yet can respond at the flip of a X
switch., All of' these requlrements are satisfied by the

introduction of the semiconductor.
< o . .\J i . - v
L ' C N
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However 'solld state dev1ces do have certain flaws.
Below is an example of some of the disadvantages attrlbuted

-

"to solid state gev1ces. C ¥
s
. Sen51t1va,to¢heat during operation or storage , .
- Sensitive bq‘51gnal over-driving. : . .

- Sensitive tQ excessive operating voltages.
« High intern#l noise.
If too much current passes;through a solid-state device,
it becomes overheated and is damaged. .This condition can ,
- be caused by any one of ‘the first .three disadfantages dis- -
cussed aboveL;_Ehgthez_it‘pe external ambient heat, or in-~
ternal heat caused by signal and/or voltage, the device can
be destroved rapldly o ’
To prevent such damage, many of the devices shown in 5)-
Figure 1 must have metal heat dissipation units placed on
them as an attachment. ‘Without these add-one, the solid- )//

state deyice has to be operated at a lower output rating

‘to assurg a lower heating level.
VZKgﬁfourth disadvantéage 'stated is noise. Because of

conééiigtion and the nature of the materials, these Jdevices
1y exhibit random movement of electrons while they

’

intern
are operating. Thls leads to n01se being added to the sig-
nal as it passes through the device. If heat level of the
device #¥s kept low, onoise level is reduced. '

Figure 1 shows a variety of solid- state devices. -Fig- o
ure la dlSplaVS pbwer transistors at the top and voltage .
transistors at the bottom. These devices usuallv require ‘
a heat sink because their operaglng temperature 1is- hloher
than the >maller, lower-power unitsswhich are shown at' the

-

“Bot tom of Flgure la. « . . ’



. Id
- f
a Transistors ‘
‘V »
03 ~ . ) 3 - -
¢ ]
' .. : ‘e [} ; v
c. Rectifier Diodes " d. Signal Diodes
Figure 1. Solid-State Devices. i '
S < ms $
4 Figure 1b 'shows electronic switches used to turn ON ~

and OFF d.c. and a.c. current,é}ow. These devices are : .

-often used to control both low and high currents-in elegc-
. ) . e ’ °
tronic and motor control circuits. .

Figure 1lc shows power sdpgkzriiodes which. are used

specifically for rectification. e size of these devices

tells something about pﬁb_amount of current that can be
passed through them without damage.

« . - . <

’[ © “ v s
' . ‘ ) T . \'-/
) . - . ’ /. ' ‘ /\~
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Figure ,1d displé?s diodes used to rectify in the signal
path. These devices have .special charag§eristics so they V
can operate properly at a given frequency. "-They are often
used to demodulate a §ignal. Demodulation is a process
used in communicagion equipmeﬁf ﬁgere1§:e signal from a
transmitting statjon is treated by reciver stages so the

signal produced ofiginally can be rece%yedn

SEMICOquCTOR—MATERIALS

Semiconductor devices and packages are constructed in
a variety of ways and from different materials. Two of the
materials used are germanium and silicon. Germahium was
used to make semiconductors in the 1940s and 1950s. Silicon
has replaced germanium in recent years. '
The term "semiconductor' originates frqm the awareness
that the device is "in'between” an-insulator and aigondudtor
as far as its resistance 1s concerned. Free electrons\deter-
nlne what characteristics a material will have, and whether
that haterial is a conductor or an 1nsulator is determlned

ials from both insulator and conductor classes %re used to’

)Zy its-molecular structure, Because a comblnaglon of mate-
1

form a semiconductor, ‘there must’ be a method to combine the
different atoms’ og edach méterial. )

¢
S——

Figure 2 ‘shows an insulator atom witich has'four elec--
trons in its valence rfno (A valence'ri%g is the outermost
ring in any atom.) ., An atom with thls céndition 1nd}cates
a stable unit in which the atoms, are bonded (by the nucleus)

" to the hQIH{THAWhiCh they resiéé) Because the atom is .
stable, it ls difficult to .break these’ atoms-free. In other N
words:, there are no free electrons which an elgctrical poten-'
t,_ia}']l‘ cafgmove easily. * )

<
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OUTER SHELL « NUCLEUS

VALENCE

ELECTRONS
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9 ATOMS 'SHOWING .
NUCLEUS—AND-VALENCE

_GERMANIUM ) SILICON
ELECTRONS ONLY,

a2 eLe¢TRONS 14 ELECTRONS

4 VALENCE ELECTRONS ° 4 VALENCE ELECTRONS

~

- 4' ™ .

<

. Figure 2. Insulator Silicon Atom., L

’

Electrons are hegﬁffgely charged and, reside in a hqle.
Whed these electrons are removed, they leave a p051tave hole.
. Thus,qthe electron and the hole bond are like a necatlve and

p051t1ve charge combination: equal and oppoOsite. :

-

=~ CONDUCTION OF ATOMS

P TTT——————— \ ’-3

%Q; No-_ eleitrons can flow unless they are free to do so e

Some atoms wlll be added to the insulator atom structure

t%at Have either "1 nore tlan' or "1 less thah" 4 electrons:
in the1r valence ring. ' This means addlnc atoms that have '

‘either 3- or S5-valance electrons (outer rlngs). The struc-

.ture change provides an off-balance. "
Figure 3 shows atoms having 3 and 5 electrons wh1ch

“ﬁl be added to the 4- ‘i%ctron 5111con base material.
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ACCE P TORS ‘DO N ORS

ELECTRONS

NUCLEUS

9 . 5
VACA'NCY'/ /
. \ ‘ R . .

ELEMENTS: ELEMENTS: .

8O PHOSPHORUS

ALUMINUM . ~ . ARSENIC. - .

GALLIUM _ ANTIMONY

INDIUM ° .

a P-TYPE b. N-TYPE

¢ v

i
o

Figure 3. Impurity Atoms.
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So that these atoms may be 1dent1f1ed further, those
atoms having only 3 electrons 1in the outer rlng'w1ll be ’
called P-type, and those having 5 electrons will be called

'N-type. ' o - B .

Agrﬁé’:k‘ A

J _\ R N ° °
P-Type Atoms L/, ‘w,.u, . 3 . C
. ‘;a“ /<'4-lt"’,,7\-“~'5 _,‘" .
. "‘L"ﬁazv‘ i* et

Atoms havu}, o T’% ﬁsﬁélectrons, as compardf¥te 4 elec-
trons,' could aﬁdomqodate an addltlohal electron. ThlS is
shown as gﬁe vacanqsfi and thls' v"acancy has/a)gosmlve charge. . .
" The \cac:ancy can thefi-become a 10C8.t1011» 1nt76";5h”1ch -an eleC

T

tron ca'n‘move temporarily if"~ an out51de force causes it to



N-Type Atoms

. . . ' : s

Atdms having.5 eleétfons as compared to 4 electrons,

have only one electron they can share .or give up. This
electron can move into the-vacancy created in the P-type
atom if an external force causes it to move and 1f the N-
type and P-type- atoms are bonded together.

The .process of forming the P- or N- type mater1a1
known as d0p1ng, is achieved by a heatlng process known

as fusion.

- &
-
-

Combined Atoms
s
To form a.semiconductor material, éither the P or N
atoms are added in small quantities to the 4-electron’ ger-
manium oOr silicen atoms. This results in a primary silicon
material with oﬂlyksmail dﬁantities of either P-typg or N-
'type atoms. j e *{

‘..
\ . NN he

L
Formation of the 4-4 Comblnatlon (P- Type Materlal)

~

.
< s

c,

’,

When semlgonduc g&s are constructed, either silicon or
germanlum is uséd %he foundatlon, and P-atoms or N- atoms

‘ u-'.-

_ alTe added. ann P-atoms are added, the material thus formed

v 1s called a ﬁ?haterlal Wheh'the:N-atoms are added, it’%g?ms

’ : materlal . Figure 4 shows a P material formation.L’Note
'lacancy createﬂ’%ﬁen the .4- electron atoms and the 3- elec-

- . (RS

x -




THE () REPRESENTS AN ABSENCE
' OF AN ELECTRON

O o @ o)
@ <— VACANCY

248 v
"R X

e ' !
‘Figure 4. P-Type Material.
. . - - * N ) »&

.
” “ e

. N ’

Formation of 4~5 Combination (N-Type Materialfg
e ~ 8 '

. ° .
Y ' %

; In§cead:o£ adding atoms ‘with 3 electrons’, atoms §i1h
5 electrons are added. The formation célled,N-type material
yields‘éxtrg eléctrons to the end product. Figgré 5-shows
-the molecular étruéturefférmgd from a fusion process. Note

the additional afom created when the 4-e1eetron'gtom§:and

‘

P

the 3-electron atoms are mixed.

1
.
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i Condgction 6f P- and N-Type Matejiaﬁs . % '

When’ the (+) and ( ) condltlons are cieated eith T cénﬁ‘

p " the type of materlal an th polar1ty of-tne battery 0

ex-
ternal #oltage source. In th _creation of the materl‘l the
‘ﬂ entlty in abundance’ become$ the Ztem moved by the battery

“The abundant entlty is usually called the majorlty carriers
for forward current f;ow,\ Any flow of current in the reverse.
directiqn- 1\ cal%ed mlnorlty carr1ers and is always opp051te

in- cHarge bolarltx. Flgure 6 shows the movement (fLow) of

» e,

¢ majority and m1nor1ty carrlers. . “**r o .

rent. The rules ofocurrent flow are not,ylolate
cation. Note that majorlty current fldw is Jfar g eater than
minority rrent £low in e1ther type of,baterlala It should

be: obvious that the‘battery causes majorlty carr& J movement o s
-, o . " N . b . o: M
o 3 . . .) . _—tzo- . . N Lo S
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‘Figure 6. Flow of Majority and Minority Carriers
. 1 ~ in N- and P-Type Material.

O by

Not. so'ebvious is the cause of minority carrier movement.

In earlier pages-of ithis module, heat was said to have
adverse effects on semicanductors. In fhis instance, heat
is, ghe energy that causes minority carrier movement. There
ist no sdch thing as a material that is pergect and imper-
fect10ns; in this case, occur in the presence of unwanted
electfon% or holes that are not bound td the materlal Heat
in fhe‘P; oy N-type material. releases carriers of unwanted

v . Fy
polarity. These—are the mlnorltv carrlers
-

. .

v o - . N -

FORMATION OF THE P-N JUNCTION ’

.

-

To create a basic solid-state device it 1s necessary
to bond together a P- and M-section c&eatlna what is kno“n

he P-N junition.  When a battery i¥ connected to the P- N
device, a ﬁajority current 1is caused to flow inone direction
only. With no battery.connected, no ‘current can flow — even
"though the P-se&t%pn hés extra holes and the N-section has

. 1.

. LI
N < . ’

-
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extra electrons. Figure 7 displays the ton%ition without kY

a battery.

‘. . - BATTERY REPRESENTS
- + POTENTIAL DIFfFERENCE

N

e o ® 0 o o
® o @ o o

L)
Ra——a

R . A

I

Figure 7. P-N Junction — No Battery. ' :
—

Figure 7 shows the. condition of the N- and P-section.
The N-section shows an abundance of free electrons which.

are repelled and held back from“the junction by the elec-
—trons of the P-section. The P-section shows an abundance
of holes which aré repelled and held back from the junction
by the holes of the V-section The net result is an N-sec- .
t10n belnc necatlve in polarlty and a P-section being p051-
tive in polarlty Because there is a deference in the nunm-
" ber of electrons between the two sections, a potential dif-
ference (represented by a battery) exists’ Lnternally within
‘the formed P-N junction. (No battery is phy51ca11y there.)
) Figure 8 shows what takes place when an external battery
is connected tQAthe'deViee.
In Piéure 8a, the battery is coﬁnected so that no major—‘J
ity eurrent Will'flow. The potential difference is made
greater between the Pe and N-section when the external bat-

tery is present so that the barrier between the two is greater

o - ED-03/Page 13
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FORWARD BIAS ,
S8 BinseD | — fonwam S )

— i}

-~

a b.

" Figume' 8. P-N.Junction — With Battery.

3 . ° N
2 . .
. hd ~

(has a greater resistance). The battery reverse biases
the P-N device (Figure 8a). _ ’
Figure 8b, on" the other hdnd, causes a fiow of majority

) " carriers in both the N- and P- sectiqn It-should be realized
L that .the potent1a1 difference across “the junction is de™
s crease%/fb.near zero — so the re51stance is also'reduced to

a very low ﬁa&ue — allowing current to flow between-sections. ~ (
A clarificatidn.of cutfrent flow ts important at this

point. A battery provides EIectrons as a current flow.
Morebver, the N-section provides an abundance of electrons
that aids current flow. Electrons are the only items that
flow out of the P-N device to the external circuit where the
batterv fs 1ocated. The holes in the P-section can be con+’
51dered as vacant locations that an electron may f111 and - ——
’ again vacate as it mlorates through the P-N dev1ce. . In Fig-

ure 8b ‘electrons are leav1nc the battery neoatlve termlnal

l,and enterlnc the N-section. Along with electrons of the

"
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W, N-section, the battery electrons migrate through the barrier,
into, and out-of the holes in the P-section, aﬁﬁkretugn to

the p051t1ve terminal of the battery.
\ If the battery. wére reversed (as in Flgure 8a) no cur-

rent could flow. Thus, this device is a one- way path to the \\

flow--0of electrons. If the battery were replaced with an
alternating source, current would flow during either the o >
positive or negative alternation, depending on the connec-

tion to the P-N device.
L]

DIODES
The P-N'devicé illustrated in Figure 8 is actually a

practical diode. It can B¢ used for several electronic
-applications, some of which are listed as follows:

. Rectifier. "

+ One -way switch.
' <" Regulator. ' o :
h - Voltage-variable capacitor.

Rectifiers

. [4

"

As a rect1f1er, the diode rect1f1es an a.c. current

flow to_a pulsating d.c. current flow. ‘Figure 9 shows this

Iﬁ'thié\éxample the device symbol commonly

fougd ip d1agrams is_ used ‘Note: ; During proper operatlonv

....... S

curygnt always flows from lefn to r1ght against the arrow.
.. \ X '

< .

¢ o

Ty
-
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( N- SECTION) (P - SECTION)
- CATHODE . ANODE ( Q}k,aa
. : . |
L71 ‘ : DIODE )
_  RECTIFIER i
- r\J © AC
“ , SINEWAVE (A~ . - LOAD
3 SOURCE ”
ELECTRON FLOW . . J

a. Symbol . ~ b. Circuit
' “ .
Figure 9. Diode Rectifier,.

If. current flows during negagive alterpation of the
generator, the top of the generator 1is negat%ve and the
bottom is positive. Current will then’flow d&ockwise (Fig-
ure 9b). When positive alternation occurs (becanse the top
of the generator is positive and the bottom is negative),
current can flow because of the makeup of the%diode

Figure 10 shows a current flow graph of the common
didde. Thisgraph shows that current will flow easily after

the barrler potentlal difference is overcome. |As.long as a

potent1a1 of the proper polarlty is attached td the diode,
it will conduct. Rever51nc the battery or sourice (as long
as it is not greater than the diode will w1thst nd) will not.
‘allow current to flow. The result of the back,|or reverse
voltage, becoming too great is shown on the graph ‘as ava-
lanche.current. This can cause permanent damao to the
—~diede, résuiting in & short c1rcu1t and, po>>1b1', smoke and
fire as well. In add1t10n, if the diode is plac d-backwards
in the circuit, permanent damage w111 take place within the’

d10de because this also w111 result 1n a short Circuit.

T e ’
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HIGH
. TEMPERATURE
o . ¢ - r }/ , MEDIAN
. <«— TEMPERATURE
. . NORMAL
BACK BIAS . ‘k\‘FORWARD
VOLTAGE CURRENT - .
h—
30V 1V
AVALANCHE —_—
. CURRENT ~—— FORWARD BIAS
- . VOLTAGE
Figure 10. Standard Diode Rectifier. ;)
» .

One-Way Switches

Diodes'can-be pSed as a one-way switch, Some elec- -
tronic applicaﬁiohs require a signal'éoming in with nothing
goipng out. This concept is much like an animal trap where
the "once in-must stay in" principle.applies. Figure 11
illustrates the principle. '

Ce L _ . | conTRoLLED
Q - |- cwrcur
¥, . N -
A e ' - “
- *»Figure 11. ) ‘
Diode Switch, ) CONTROL - '
- _ S ' PULSE | ——
- s CIRCUIT X \
‘o ‘
o 4 ° : ’

. - . . ’
* »

.




L]
In this block diagram, signals or currents flowing with-

in ‘the controlled circuit are net permitted to pass into ghe

. control pulse c1rcu1t However, the proper pblaritv pulse
from the contrdf circuit is permltzéh to flow through the
diode and into the controlled circuit. *

b

Regulators ~

+

A special diode, called a'Zener diode, Qgtlllzes the

avalanche characterlstlc of a semiconductor device. The

~\> diode-is made to_break down at a.specific voltage value
whenhlt is applled during nonéopductlog Flcure 12 explalns

this condition.

FORWARD
. REGULATED . —
; »VOLTAGE N CONDUCTION
REVERSE BIAS

—
r T

FORWARD BIAS

REVERSE CURRENT

-,

AVALANCHE —>
CURRENT

. - A T
. .
R / . -
.
. 2 . .

Figure .12. <Zeher Diode Response Curve:

¢
.
3
4

N - —

~ The Zener diode 1sﬂplaced in the reverse p051t10n for
proper operation. When a voltage equal to the breakdown
:valuéQis‘applied*to-the diode,\}t will conduct avalanche
current,, acting as a nedr complete: short for‘an& voltages

o
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A gypeater than the breakdown voltage. This® reaction "locks
~ in" a voltage drop across the diode that remains constant
in value., Flgure 13 shows a practical appllcatlon ‘

R - OUTPUT
|PoweR 12- 14v

" SuPPLY :
ZENER DIODE

. L
SYMBOL S: C
> _ JANRD LOAD .

' 12v

Figure 13. Zener Application.

Although the power supply output is a range from 12-14
volts d.c., the Zener locks in the load voltage at 12 volts.
Thus, the voltage dpplied to the load is regulated.

‘
Voltage-VériaHIe Capacitors .
. s T - .

Another - -semiconductor used in electronic equipment for
Jboth £requency-modulation qld frequehcy-cogtrol is the volt-
‘age- Varlable capacitor, or varactor. This device is con-
‘structed to emphasize the chafige in capacitance that results
in changes in the width of the barrier, or junction, of the
“diode.. Much like a capacitor, the left and right sides of -
the junction act as the'plgses of the capacitor; whereas,
the region in between becomes the dielectric. Changing the
potential difference across the junction changes th;.distance
between plates, thus changing the capacitance valué of the
diode. Figure 14 shows the junction area and illustrates how

Jt changes width.

‘ o ED-03/Page 19
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SIMILAR TO PLATES . £
-/ -OF A CAPACITOR S '
- ¢
4-§-> R
S I
~ - } “5: oool!
> - -—— 10 00 . -
+ -—-J: 10 0 O - . _ . - .
: --- !8 8 8 Figuré 14. Varactor -for
‘— - e ' - . 0 ~ )
’ Lo 160 0 Dle}ectrlc Changes
’ . \—"V_J ) ’
' AREA DEPLETED OF CARRIERS ACTS |- - :
AS THE CAPACITOR DIELECTRIC -
2 s f e :
l l i
. ~ )
If the diode is placed in the circuit in parallel with
. acoil, the frequency of the LC network can be varied as the
- i . : P
. capacitance value of the diode is changed. Figure 15 shows"
a practical LC circuit. '
» € — . [
i - \ ]
K . 3 TO REMAINING
. CIRCUIT
. COMPOQNENTS
"DC BIAS
. VOLTAGE .
* T LG ' ‘\- .
. rﬁ ’ .
. 1 . ) N
- * B
~ . - . . :
Figure 15. Varactor Circuit. - : \\/
»a ‘ b - . sy . 2~
Ci and the diode are in parallel with L, credting a . -

parallelfLC tank circuit. C, and CD;’ being in series, add
. as their reciprocal adds. Ch‘angins Cps "changes the total
. 1 .

N

g

-
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C value and; thus, the resonant freéqluency of the tank cir- ~

w} ~ cuit. CDI,is changed by changing the d.c. bias voltage.

LiaN

DIODE TESTING - o e

v .
. .

w EStandérd rectifier diodeé can be’cheéked witﬁ the use
of an ohmmeter. * The RX100 or RX1000 scale w111 show the best
results., With the test leads placed one- way across theg
diode, -an almost infinite value can be recorded. Reversiﬁg

< [}

the leads will yield a very low resistance. . . '

’

- -
¢ &

BIPOLAR TRANSTSTORS , o '

The tran51stor uses two P-N junction diodes. - The ‘in-
tent of comblnlnc junctions, is to create a control section
. over the electrons that flow ‘from one end of the transistor

to the othér. Figure 16 shows ‘the formatiom of a NPN bipolar

junction transistor.

] _ . . \’s
P P ‘
e [ r ‘e [ PR
Yoo r - * -
() (N ° [ .
: . , ° .
[ [ ) ° ) N
.. N [ ] ,
. ) ] ® ., @ . .
° “ ™
) [ ® [ - -
N ® N
N . -
I'd 4
v [
v ~ B
) —Q O

-

Figure 16* Formétion'of a. NPN Bipolar Junction ?rénsYstof.'
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- At this point,

L3
-

can' alsd be formed.
.it would be ‘helpful to discuss how a

transistor 1is. magde to control

Jn the study of tubes, it

~was learned that the 1nput was made to control the output.

-In the case of tran51stors, the operathn_ls quite similar.

Houever,jln most cases. involving tubes,.no current flows out

of the control crld yet current does.flow normally out ¢hé\

tontrol lead’ for the. tran51stdr. "Figure 17 illustrates the

I'4

. leads of a trans%s-or. A <. : N
Qe - 7. . . ’
’ . =] i ;_’~
\ ’ o o
e '0
é
~. © ) 2 .-
‘e
[ J | 4 "‘ .,
EMITTER ‘ COLLECTOR!
LEAD *. ! ) .LEAD .
° f . R . .
- 3 [ 4 - > ' L
- 3 ‘.
/. . .
sAssl.' COLLEGTOR. ,
g e BASE ; -
. - LEAD L’
o - . o P N :. -\
-~ ~ » - 4 =

A PNP bipolar Junctlon tran51stor, which is the comple-
ment of a NPV transistor,

AJ

N - Figute 7. Bipolar Transistor Junctions (NPN).

To establlsh control, the Junctlon between® base " and
emitter will have applled to it a varv1nc voltage which
consists of ‘a fixed d.c. 0y

voltage and varylnc g.c. signal

voltace' It must be remembered that the c9ntrol circuit is

" the 1nput circuit. ‘There must’ also be an output circuit: !
In the tr nsistor, the output circui# is connected b&tween '
emitter ana.collector."Figure 18 illustrates how all of this ~

fits together (the NPM transistor stage). c
. B \ .
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AC “SIGNAL FLOW
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Figure lb. NPN Transistor Stage. " o o
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Y

The junction between the emitter and base isqforward-

'‘biased. - In other words, as the signal becomes more positive ‘

_durlng a p051t1ve alternation, the signal voltage adds ta

the flxed d.c. voltage and narrows the }unctlont“_When the
o Ju ion becomes narrower, the re51stance,of this one-way

barrier becomes reduced Because there is less resistance

here, more current can flow from emitter to collector. In-
- Sl *

versely, when the negative alternation of the signal voltage
. 'appears, it subtracts from the fixed d.c. valtage (from the S
poweT supply) This causes the width of the emitter-base

junction to 1ncrease, thus increasing its resistance.

As a
result,

less output current flows from emitter td collector.
It s 1mportant to note that the output power supply voltage
ulS much larger in voltage. than the input power supply VoTtage.

e
/
s

.
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. . . . ,,’
~ .

4 -




-

-

Moreover, a small change in input signal current controls

a very large change in output current. Thus, compared to
7 —a_tube, i€

Y the, tran51stQ{1;Z—:e;g?rent cdntrolled device rather
S “’ than a voltage-control ice : .

O ' It was stated earller that the PNP transistor is a
complement.to the VPV tran51stor Figure 19 shows proper
‘ " connections for the PNP transistor. . .- ///T
EY c \‘,

.

SRR g—re
Q

-t - Figure 19. PNP Stage.

-
Y

~
-

The major difference is the direction of current flow
in the 1nput and output c1rcu1ts Electrons comprise the

- 4

ma}orlty carrier movement in NPN tran51stors,,phereas, holes

comprlse the majorigy carrier movement in PuP tran51stors o

H . . .
‘.

. . ‘. N
N ‘
.
. ‘.

@
.




BIPOLAR TRANSISTOR TESTI? y i

*
* . <

The ohmmeter 1s the basic test equipment for checking
a tran51sgor for GO or NO GO cond1t10n Checklng a tran-
‘515tor with an ohmmeter 51mp1y involves look1ng fornunusually
low or unusually high resistances. Both junctions must be
&ecked for lowy and high re51stances.; Thiggmay be acconm-
plished by reversing the leads. for each junctien. Figure 20 :
shoyé the proper. way to check a PNP transistor. ) )
. In Figure 20a, the forward _ ' \ S e
resistance is checked first. T\ '
The positive ohmmeter lead is
¢ connécted to the base., At the
) same time, the ground Or. negaﬁixe
lead is connected to.the emitter
and then to the collector. The
result is a low resistance for

B-E and°'B-C Junctlons Flgure
20b shows a reverse resistance
check. In this test, the
groﬂhd lead is connected to

» the base and,calteinateiy, the'
positive lead is connected to.
the emitter and to the collec-
tor. This mme 'boi:h\tests ¥ b, Reverse Resistanc'e%Chelck

Wlll y1e1d almost infinite : v
readi . . N Figure 20. PNP -
adings. S Transistor Testing.
. L

Figure 21 shows the proper'’

R

| 4 testlng for a PNP junction tran- @ ' .
sistor. The ‘'same basic procedure is followed here, however,
3
in each case, the ohmmeter leads are reversed to yield a low

»

and high re51stance respectively. ) '
) » ' . , E

’ ' o ~ ED-03/Page 25°
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~

d Resista heck X i X
2. Forward Resistance C . Figure 21. NPN Transistor

Testing. :
N -
- a
b. Reverse Resistance Check
2 ' ” ' ’
. \\- , The resistance values that one can generally, expect in

testing ~PN to'PNP transistors are listed in Table }.

)
‘ ' : P
/

/ "TABLE 1. TRANSISTOR RESISTANCE VALUES.

4

L - ‘( . n .
/ ' NPN . PNP ‘
- Forward Reverse Forward Reverse’
Voitage . . ’
transistors 30075009” 500,000 3060-500Q | 500,000 to
. ) . " }Jto 20 megQ 20 megQ
Power ' ‘ ; :
., transistors 200-400Q {100,000, .1 200-400Q | 100,000 to
> s to .10 megQ . 10 megQ
v ¢ » -
7 -
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IDENTIFICATION OF NPN OR PNP TRANSISTORS

" Taking the proper steps to detérmipe transistbgytypg
is important,';ince\many are difficult to identify by num-
bers on the case. 'Below is a list. that will be useful in
identify}ng transistor'types. . ) ',
1. Determine léad_idengéfication (E, B, C)a,
! 2. Connect the ohmmeter to the base and emitter.
3. . O0Obtain a low or-high reading and note which lead 1is $

. attached to the base.

ot

4, , Use Table 2 below to determine type.
. ' o . ' N R
TABLE 2. TRANSISTOR JUNCTIONS. : s
Resistance. " + Ohmmeter Lead - Ohmmeter Lead s
Reading . to Base . ~ to Emitter oo
High . _ PNP ’ NPN 7
'Low - . NPN . & PNP i
| 2 p

* < <FIELD-EFFECT DEVICES
% . ;' 1 : >

. Theldevélopment’of,the transistor has produced a solid-

state device that operates much like a tube as far as(pléc-

trical principles ére_concérned. Basically, there are two .

types qf field—effgg;\irapsistors: the junction FET and the

.insulafed-ga;e FET. Because of construction, the second type

is often called a metal-oxide FET.\ .o \\\;<i\

ED-03/Page 27
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.- JUNCTION FETs

FETs are unipolar because only one majority carrier -is

Jpresent throughout the device. This device is constructed

w1th one path for.current £low from one end to the other.

The path called 4 thannel; has a lead attached to either

of, the ends much like a re51stor. The'channel also possesses = 4

a uniform resistance from one end to the other. The entrance

end is called the source and the exit is called the drain. ~ ¢

. Figure 22 shows the channel (shaded) which is made
from an N- type material (4-5) and a control segment that 1s

located on either side of the chagfgl and made from a P- type”

mater1a1 (4--) The .internal surfaCe between the channel
and control cate forms a junction. Notice that there.is a
P-type material located ‘on either side of the channel. Both
of these control surfaces are 1dentbcal and they act. on the
: channel equally when they are used. _ ’ . '

" To control current flowing througli the device in Fig-
ure }2; one must first hook up the voltage_sources. Then”‘
both gates (G) must be tied to the same voltage point, making
this voltage negative. A voltage will then be applied be-,
tween the sog;ée and drain. Figure 23 shows these .connec-#
tions with véltages and polar1t1es . - T

V¥ The- negatlve polarlty applled to the control gates will
repel electrons enterlnc the channel at the source lead: :b
Notice the source electrons are forced to pass throuOh a nar-
Tower channel as they pass the gates. This narrow1ng action

.is controlled by the amount of negative voltage applied to
.the control gates. More négative voltage makes® the channel
even narrower. .When the negative potential becomes so |

great' that it actually repels all electrons from the source

Page 28/ED-03.




N-TYPE
CHANNEL

P-TYPE GATE (G)

P-TYPE " PN JUNCTION!
MATERIAL

D ~
+

- IS DEPLETION REGION
EACH SIDE
OF JUNCTION

N-TYPE
MATERIAL

P

MATERIAL " PN JUNCTION’

b.

Figure 22. JFET Structure.

-

ELECTRONS ELECTRONS

OO0 000>

K__I
OOO|  oran
l T i CHANNEL

SOURCE

SASIOR)
@

BATTERY -

e

Fféﬁ?q\fB._ JFET Current- Flo;\\b trol.

\\
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and none reaches the»drain, the result is called gate pinch-

off*potential. Notice the term "potential' is used, indi- _
__cating that if the gate is always kept negative (as compared
to the source) then no current can be attracted from the
source and flow out the gate. Therefore, all curreﬁp enter-
ing the source must flow aut the drain. Changing the nega-
tive potential on the gates will control the electrons flow-
ing “through the channel.

This meth&d of operatlon is similar to that of a water-
p1pe valve control. Another example is the operation of a
canal lock used in boat channels. As a boat approacheé,
the gates are opened to permit the boat to pass. The size
of the boat that can pass through the channel is coverned
by the gate opening.

For some app11cat10ns,°one of the FET gates can be
tied to ground or.some prefixed voltage more-negative. than
the source and the other gate used for controlling the flow of
current through the chanhel. Whichever metliod is used, a
small change of voltage on the gatef{s) causes a large change
in current flow through the channel. Thus, a signal can be’
attached to the input cate( ), controlling the output current.
Note here that the combination of the input signal and gate,
battery must never cause the gate(s) to be more positive
“than- the source -
A N- channel and P-gate were used in the above exariple.
However, FETs can also be constructed w1th a P-channel ani}
" N-gates Under these cond;tlons battery polaritigs must b®e
reversed. Figure 24 shows .the polarity relationship neces-
sary for both the N- and P-channel devices. -

.

4
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e e et
. Gl(GATE)
- P
: ’ 8 . o 4 -G 0 4
_ ¢SOuRce | . (DRAIN) . ' s
P \
G [(GATE) : . .
B a N-channel FET
+
G I(;;ATE)
. N + ¢
, s D ,_
: — P
{SOURCE) ( DRAIN)
. l” N -
GI(GATE) ; ‘ ’
« + . .
. “b, P- channel FET s :
. A 2 4
Figure 24. Polarity Relationship. - »

¥

With the source lead being common, the N-channel device
has the gate more ﬁégative and the drain more positive than
the source. In the P-channel device, the gate is ﬁore posi-

* “tive and the drain is more negative than the source:

/ | a
- Ta
:

J : ' .

.. e
* "INSULATED"GATE FETs X ‘

v

Depletion Mode
Another type of FET which does not have a P-N junction

. , s
that must be reverse-biased is the depletion mode insulated .

AN
’ ' ‘

. : ED-03/Page 31 X
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gate FET (IGFET). This transistor uses a ééte that is physi-
caily and électrically insulated from the channel by.a narrow
"layer of -oxide material. “The iﬂsuleied gate is metal, which
affords this aeViCe tbveral ddvantages over the standard '
. Junctlon FET. - Being insulated, curnen% can never flow from
the source lead through t%e channel and out the gate ’ MF
this device, the gate can, therefore be made pOSltlve or
hegative (as compared to the source} W1thout damage. In an
. ] “amplifying device, this fea?hre\czeates an enormous advan-
_tage. Figure 25 shows the copstruction and” tran51stor symBol
for the IGFET when the device is opera?ed with the’gate

always more negative than the source-

‘e
, METAL - . o
C ) souace DRMN o - DRAIN L
. oy -
, SIUCON .
. ;/'moxme SUBSTRATE
~ INSULATING .GATE
. “LAYER ., (Q) (SS,0R 8}
P . -
i y;' . sqgacs

SUBSTRATE l ’ ' '
" b - - . .
. . a. Construction : ']b. Symbal

DRAIN ' .
BASE - ‘ - .
SOURCE ,

. o
P
° . .

Depletion” Mode IGFET. 'iﬁ
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. "ot 2 A
P2 T “
e » . . ( ? Q‘_Qa. ) \ ‘-
¥ - - v \ ‘ :
j VQ‘ N . . M i < )
\ The B lead shown 1s attached to the base\or substrate
 of the device. Although the B ‘lead can be“conpected dif-: . -

ferently, the common method 1$fto attach, the B and S leads

together. . 4é e
Y It must be noted that), even though the gat or input .
is insulated from the- channel f the

arc1§g can occur ‘ ' ‘
potent1a1 difference betWeen the gate and the sou ce 1is : : |
too. great In order to aV01d thls p0551b111ty, care must .- 1
be taken in de51gn1ng 3, stage with this® FET.

=3 ¢ LU . «

5

»

Enhancement -IGFET ‘ _ ‘

N

1f the IGFET dévice is used SO that the gate 1s eometimesi

operatedxymore positive" .than the source, the external gate -

, voltai7/%upply ust be reveraed
~—This_node o& g eratlon 1s called the enhancement. mode.

. device is s

as shown in’ Flgure 2

11 a N- chamneL device,

as is shown by <Thelarrow =

pointing I (representlng N-channel) * .
* - , /* .
Voo I ) \
,,,,,,,,,,,, ) ;‘;"‘»X / ‘é,:' N B . ) . A ”
. . - (t: - S i . . . -
gt Enadiid o > \ b
s DRAIN A . . R
© : s B 4 o 1
‘ o . : - + l S . .
B GATE =~ "SUBSTRATE VGS’ - o . .
(SSORB) = ~ . o
~ )(G, , ss P ‘[' i 1 . '\ . :
SOURCE = - LI
(8) ‘ .
. & Symbol e. b. Operation and Bias *- - 5’ .
' . . - ’ { ’ * .
N o . ) . L]
. Figure 26. ,Enhancement Mode.

N
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Furthermore, when the IGFET 1§‘bperated in this mode,

. 1ts, symbol on a dlacram has a broken line alonc the drain,
3 N

base, and source (Figure fé) . 7.

4

As was the case with junction FETs, this dev1ce can be
congtructed with a P-channel. The voltage sources must then
be.turned around (in contrast to the‘V-thannel type). The

gates are made from a metal materla;d'rather than a N-type

material — which is p0551b1e because 5% an oxide layer
There is no junction in' the IGEE?K',

(s
CONFIGURATIONS
Trahsislors — whether uni- Junctlon 0T bipolar — ‘can
replace tubes in many-applications. They are operated in
ses A thr?ugh C. Transistors can’ be ‘configured in three
‘ways,, as can tubes. Table 3 compares the configura-
ionSsof tubes apd transistors.

L

~ - . ’ -

@

TABLE 3.' TUéES COMPARED WITH TRANSISTORS.
. ] . e

Transiétors y
Bipolar | J§ET /GGFET

Tubes’

K . . . BN R ‘ . -
Common Cathade » Common - Common ( Common
) . - |- (Emitter Source, Source
‘Common GrAd Common ~ - Comgon Common |,
- . Base’. . .Gate - Gate

Common Plate” Common ° Common Common
: follector . Drain *Drain

~ 3




Figure 27 shows examples of bipolar and JFET tran-
‘sistor configprations for Cqus A stagesf Because IGFETs
are coAfigured the same, these deviceglfre'eXCludgd from
- the examples. Only NPN'bipolar and ‘N-chann&l-inipolar de-
vices are shown. In all cases, the suppl} voltages -are
reversed if PNP or P-channel devices are‘used. .

Y

* -{G'N . ) ‘

- N-CHANNEL SOURCE ( JFET)

N '
- l( - . 1
€ ) N s \ ".,“(f“h

~

N ) + . + ) - . ) :
. '-~ \ B G +/ -— “
" ) —?-. - o-]-."_ _i_+ . J- O—T__]__

. N-CHANNEL GATE' (JFET)

— — - ' ’ prasey

N PlPN COMMO‘N, COLLECTE)R . N-CHANNEL DRAI.N (JFET )~ )
. ' C. :
. . . : ‘ |

.o Figure 27. Class A Stagest

R : . ED-03/Page 35
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) ) _ o L - )
FET SAFETY PRECAUTIONS y

p . -
IGFETs are very.sensitive to'statit electritity that 1is
\ggitted from the Body Caution nmust be taken not to touch
the leads while handlinc these devices. When shorting c11ps
.. are found on leads, they should not be removed until the de- ]
" vVice is installed and soldered in place L /;W)
JFETs and.depleqlon-mode IGFETs can'never have the gate
made;positive compared to. the source, It 1s.importan£ to :
S ‘check manufactirer's data for maximum ratings to assure. that

voltages and currents remain within safe limits for all appli-
cation3s., ' i _\\\‘>\; .

et
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\

» i . . ‘ . . <
Describe why fﬁﬁierfs~a‘potent1al‘dlfference formed<

" EXERCISES

s

*

at the junction of a PN dlode that has no external

Vaitages app11ed
Explaln how-to distingduish the difference between Volt-

~

age and- power transistors.
Explain why reversing a standard diode Wlll cause a
short circuit in many applications.

Using Table 1 as & reference, draw three Class A common

emitter stages intertonnected, showing the input and

output resistances for each. ~Are these stage resis-

>

tances matched? .
Compare the characteristics of b1polar and’ unlpolar

’

tr3951stors for the following:

3

.5;5 Junctions. o ‘
. ‘ b.? Resistance of input to dutput. )
¢ M ' ~ LY ) Q,’ - _’\\
Lo ° LABORATORY MATERIALS
P L ©o i . . " ,
boratory 1 . : -

<

VTVM or FET meter with leads..
Osc1lloscope {trlggered)

20 volt d c.
" Sine wave generator (1000 kHz).
Breadboard.
Hookup wire.
1:NPX tran51stor (To-92 package)
1-100kQ 1/2 watt potentiometer.

1- 1kQ '1/2 watt potentiometer.

3

Y

.

power supply (regulated preferred).

L

f\

30 35 m1crofarad tantalum- flxed capac1tor

r

.




&g - . (:i;
1 - 1KQ 1/2 watt flxed carbon resistor.
1-4.5-5.0 kQ 1/2 watt flxed carbon re51stor
1 - IOkQ 1/2-watt fixed- carbon resistor.

1 - 56k9 1/2 watt flxed carbon resistor.

!

— e — e e 2

Lapgfatofy 2

1 - ohmmeter with leads. ‘
Components required:
"1 - TO-92 paggage bipblar transistor (voltage).,

1 - TO-3 or TR-66 package (power).

-

LABORATORY PROCEDURES

&

LABORATORY 1. BIPOLAR COMMON" EMITTER TRANSISTOR
' CLASS A AMPLIFIER. 4

)
This experiment demonstrates the operation of a coﬁmon
emitter ampiifier. The student i's shown how-to bias a bi-
.polar transistor for a Class A operation. Voltage gain is
cdlculated with an input sinusoidal waveform. The‘impoftance
of an emitter bypass capacitor is émphasized and the results

of increased output load are shown.- -

1. Construct the diagram shown in Figure 28 on a breadboard.
IMPORTANT: Do not turn on the power supply until the

instructor has checked the 'wiring and confirmed\ that it

is safe. Y

Prewarm the voltmeter and osc1llosc$pe for at least

5 mlnutes before using them. ) ’
Before tgfning thé power supply ON,  adjust the voltage

control. to zero volts. ) o
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igisve
(A

<

. +SINE WAVE 30 - 35 uF. R
7 'GENERATOR TANTULUM CAP. 6 .

]
)) ’ .

Fd

.Adjust R; fully clockwise.

11.

Ry TANTULUM CAP.

' 9
I8 % 30-35 ufF

. s

I . G2 OUTPUT

iv - v R1 ¢ o
1 . +
. - CONNECT
Ry Sl
©

Rg L SCOPE ~
HERE

- Figure 28.' NBN Trangsistor Circuit. ) ,

: Atﬁach the (+) lead of the voltmeter to the coliector.

AEtdch the (-) lead of the voltmeter to (- neg) or
ground. ' , .
Attach the (+ pos) lead of the power supply to the top
of Ry. Attach the‘(-~neg);lead of the power supply to
ground. ‘ S ' “

With the m?;er'connected as 1n Stép 4, adjust the power
supply vgltage control so 10 V d.c. is read on the
meter. Make sure the meter is set on the proper func-
tion and range.’ ~ '

Adjust the sine wave generator to 1lkHz. ;

Adjust R, fully clockwise.

Connect thé oscilloscope to output, as shown in Fig-
ure 28. ’ . ‘ N
Using the friggered oscilloscope, measure the P-P wave-

form voltage and record the result in Data Table 1(B).

(Make certain the scbpe is properly calibrated before

using.) Plot the waveform on graph- 1(B) below Data’j

3
Table *1{B) . , :

ED-03/Page 39
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B

12, Reduce the input signal by turning R, counterclockwlse
1/2 of the full rotation of the control.

13. Enter P—P'waveform;volﬁages in ‘Data Table 1(A) and the

S output waveform on graph 1(A)Y ! |

. -

DISCUSSION 1:

4

Steps 1-13 show stage gain for two different seftings
of input signalf To determine approximate gain, divide
Eout/g}qsl Enter the result in Step l6a.

<
h

»
14 Turn the. power supply OFF.
215 Add a 5 uF‘capacitor.across R3;(C3). "Repeat steps
1-15. Plade the results in Data Table 1(C) and graph
1(C) for the input and output signal voltages and wave-
forms. \

e
DISCUSSION 2:

Calculate stage gain with C; in place, using Data
Table 1(C) and graph 1(C). Enter the results in.Step 16b.°

14

A"

16. Stage gain calculated, showing effects of Cs:
E ° E
A = Eout - - \ = -out _
in ) Ein
a. without C; b. with C;

Note: Re-adjust R, to fully clockwise position before
continuing.

&

.
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17. AdJust R, (o@tput load) to 1/z full clockw1se and re-
cord oscilloscope results in Data Table 1(D) and.graph
1(D). *

18. AdJust R (output load) to fully’fﬁbckw1se andr record

. os&lllgﬁ_ppe results .in Data Table 1(E) and graph l(E)

19. What effect does. an 1ncreased output load have on the

following: !

a. ~Input signal

b. Output signal
20. ~—Whatcauses these results?

)

\ -
LABORATORY 2. TESTING BIPOLAR TRANSISTORS AND
IDENTIFYING PNP TO NPN TRANSISTORS.

In this. experiment, the 'student learns the tésting
procgdure (usingaé muttimeter) for NPN and PNP bipolar tran-
sistors. "An_ ohmmeter is used to test -the bipolar transis-
tors.' Two ranges are usually used: Rxlb for low resistances
and RxlmQ.for ngh re51§tances.

1. First, test the TO-92 package transistdr. The lead
‘ identification must be determined for the transistor
before'proceeding With assistance from the instructor,
look 'up the TO-92 lead diagram in a tran51stor data book.
- 'Dependlng upon the ¢ran51stqa chosen, it could be a NPN
or PNP. The lead arrangement‘will not change from one
N TO-92 t§pe ¢0 .the other. The package stylé determines
the lead arrangement. If further datasis needed beyond .
this lab.coqterﬁing the transistor, .refer to a manufac-

turers characteristic -manual. . L

> L}
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3

2. . Use Table 1 of the text to determine trarnsistor type,
" fill in Data;Tab%e %_3fter testing the(transistor with
the ohmmefer. (Refer to text for testing procetures
i1f necessary.) ) ‘ .

Now, test the TO-3 or T0:66 packaged transistor. Fol-
lowing Figure 3, locate the leads E, B and C. Connect
the meter and test the transistor (according to the
procedures given in the text of this module).. Place

the measurements in Data Table 2.

w

N
' . ,
L . X . . .
P v f %
R A7 Provi c - .
. . . .
5
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L
DATA TABLES,

~

Rad . ) N . . .
DATA{ TABLE 1. BIPOLAR COMMON EMITTER TRANSISTOR
CLASS A AMPLIFIER.

‘éfE ~ Input ’ Outpyt

TABLE 1(A) P-P Voltage * P-P Voltage
Step 13~

R, ‘1/2.clockwise

" y

: 3
: Waveform Waveform

Graph 1(A)




Data Table 1. Continued.

S

TABLE 1(B)
-Step 11

. Input

i
- butput

P-P Voltage

P-P Voltage *

R, fully clockwise : —
Waveform Waveform
[
ov
4
‘ ov
(4 [}

—~ !
>
N

i ' ~—

t -‘g‘ -
e
£ \
3
+
L ]
- /\ ’
A — B —————
N r

ta

LI Y




Data Table 1. AContinued.

fnput

Qutput

P-P Voltage

P-P Voltage

TABLE 1(C)
Step 15 -
R, 1/2 clockwise
-~
;

S
i
e
&

Waveform

N~

ov*

Waveform

ov

o
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- * » - P
( K} A ’
Data Table 1. Continued. '
. ) Input . Output ,
- | TABLE 1(D) P=P Voltage ° . P-P Voltage ;
Step 15 . . ’
R. fully 'clockwise .
o . N > e
-, Waveform Waveform .
_= e' ® . s —
4 > a ] L]
. A4 ) ¢
L4 - ~ M . o .
Q '@ . * -
’ A ©
b . .. ' ov i oV '}
: . N T - 5
b ¢ ‘
4 ,F ¥
.o } :
5 -
q a - '
) ’ ‘
:
° ' ’ . .
, ) L . H
. . Py,
% - ) @ ¢
- o . ’ . .
. - 4 ‘ -
—— R . > i . . I o
. \ . v
1 L4
. ,
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.




I ‘o .
Data Table 1. Continued. .-
R Input - . Oufput R
TABLE 1(D) . < P-P Voltage ™. P-P Voltage.

- Step-17
R, 1/2 clockwipse

Graph 1(D)

lnds

Waveform

T ov

s

ov
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Daya Table 1.

Continued.. ‘

‘E

O

RIC -

Aruitoxt provided by Eic:

-

Lo s et

. ‘ , y Input Qutput )
-»
TABLE 1(E) P-P Voltage P-P Voltage
Step 18 i
R, fully clockwise, A
; $
y ! L
ﬂ":’ 3
' Waveform Waveform
. - ' R
e B ' N N
. .
. - ) g
. ov ) .
- )‘ -
- - . ' - OV . ! [
) . . T s e S -
J S . .
BN ) v’
~ .
5 ) . .
Nt - 2
‘—-4
( = ‘ .
c, _ . .
N 3] v .
St
© \ .
N ) '
. ' . 'S —
S . ‘Y ' FR
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DATA TABLE 2.

TESTING BIPOLAR TRANSISTORS..

L

] ) NPN . PNP )
_Forward Regerse « Forward Reverse
Resistance Resistance Resistance Resistance
1. T0-92 ) :
! %
[\
2. TO-3
or
TO=66 )
* ]
‘ , REFERENCES -
L 2R g ’ . . " .

gBoylestég, Robert and Nashelsky, Louis.

and Circuit Theory-

Hail'?ublLshlng Co.

Evans C

harles H.

. 1978.

Englewood Cliffs,

Electronlc Ampllflers

NJ: Prentice-
. \\g‘ s N 4.

maft Publlshlﬁg Co.

'1979.
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. N . ‘. i "
) TEST
R : - . , |
1. Name' four advantages and two disadvantages of bipolar
- . ) [ . f .
transistors over tubes. .
. o . L |
: . . .
- . o °
Al t
‘ | ~ R
2. -State the proper number of valence Ting“electrons in
the following: . ) - ‘
a. P-material. : - ' ‘ -
(1) Silicon .
s X .
(2) Impurity.. . s
. . —- = ) :
b. N-materials , - ~
. ‘. L . -
- g o (1) Silicon . )
. -” A\
(2) Impurity . .
S 3. How many forward biased junctions are o there in a PNP
* ' (operating Class A) tra?Sistor? . .
. .- - ‘ y
. { ..
14
Al 4. .
‘ ' s ’ Y
- N @ l.. \
~ - ’ . & N » -
. . S . . .
" ' - - . ) P
. . v s
L4
. ? t 7 T -
- — : &3 o
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- N * - \ v
- - . . - { v M
. S
— . A . A ‘« N - '\\
4, When testing a bipolar transistor, .-state the proper \
> 5 . - .
resistance (high or low) for the following:
N . v - y
- + R l' . \
. (a) METER J_,
. : M . +
‘ . (c)METER R
+ -~ TN
_ METER T r ’
[ 1 : s - — N v
X , :
.t .~
, ;
¢ b
» ' a. \. - ‘\'
.b. » ..
¢ ‘ _
- i ’ ’ ) \ ¢ ‘
- —5. How many junctigns :does an enhancement mode IGFET have? )
A D. : .
. . , . )
‘ ‘. . oF cT
6.: What happens when the gate of a-.depletton mode P-channgl
) . IGFET is made positive? -
“ ) ’ , . ': :. /N e ’
; - i ‘ , ~ e D
, 7. From all information given, which of the following ' e
should be able to operate with lower voltages? L
. a. JPET e, T : . ‘
: - — . "
. ., Db. IGFET . - . L
! * . - . - - . > -
i . .
- - i ! -, ° . =
—— —_— e —— —_— — ——— —— — —_— — ——— — -—._r ———— e - l‘ifAjﬁ — —————— e —————
- * . * . T
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__INTRODUCTION

MaJor advancements have been made in solid- state

devices. Micro- m1n1ature electronic components formed on

a small "chip" create a-small, neat package capahle of per-
forming the job that many separate discrete components once _
performéd: Although integrated "ﬁggéts (IC's) cannot re-
place all discrete appllcatlons theyware rapidly narrowing

the gap This module co»ers\pa51c theory and stage app11-

~
(]

cation of analog IC's £

%

PREREQUISITES

.

)
The student should have completed one year of-algebra

‘\: and should also.be familiar with the concepts of_@irect
A current and alternatjﬁé current electronics. i
OBJECTIVES
) . N H
Upon completion of this module, the student should be Y
. able to: . ) -
1. State the advantages and disadvantages of IC’s. +
" 2. Discuss the cdpabilities of bipolar and MOSFET IC's
and the limitatiohs of each.
3. .Name the different IC construction styles used and the
’ applications for gpch - ~
4. Name &nd def1ne the three stages in an operational N
amplifier., . ‘
5. State the use of an open-loop "op" amp and indicate
.. whether it uses feedback.
6.+ Determine the output shape, amplitude, and phase of an
inverted ''op" amp compared to input. ‘ '
. a .
Y R ' ED-04/Page 1
Q : . L
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7. Determine the output shape, amplitude, and phase of a
>
. noninverted 'op'" amp. . v
8. State whether the open- or closed-loop "op" amp repro-
duces without distortion. '
- oy
' . N
“» i -~
\
v 4 ’ d
- ” i ? ’
. oy '
. .
L ] ' g
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SUBJECT MATTER

“ " PHE IMPACT OF INTEGRATED CIRCUITS

.

-

: .True miniaturizatioﬁ has been®achieved with~the intro-
duction of IC's Great strides have been made to ;9prOVe.
the

" .world of electronics. Both advantages and disadvantages

IC chips so that they*continue to make inrpads int

4

accompany the production and use of these devices.
2 N <

\

ADVANTAGES -

Voo
.

t’ 1

Ml

The IC's* ‘major advantage Is the size of . the device and
the space required for circuit 1mp1ementat10n ' These devices

are now SO Emall.that they are no longer si&nlflcant in theé .
size of the equipment of which theéy are a part. p
Construction of It's makes them durable and reliable.

The aerospace 1ndustry used IC's extensively in outer space
applications. - This use indicates longevity, since IC's are
required te,be in operation for many years. Many systems
" also-employ complex,ciTcuits that are expected to operate .
w1thout failure under adverse conditions. ° v///”*“‘\\ /
Because of their size and construction, most IC's re-
quire little power to operate. As a result, less energy is
‘used. A L

-

v o . , . ED-04/Page 3
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DISADVANTAGES T P

As with transistors, IC's are sensitive to heat and
high voltages. Most IC's can operate in relatively warm

‘environments; however, femperatures’ must be fa?\{gwer than

the temperatures of vacuum tubes. IC's operaté, at. .veltages
belqQw 50 volts, with mgst }pltages below 20 volts. Because
of low voltages, low currents flow through IC's. The end
result is a”low power output, with most IC's operating with
an output -power of 1 watt or less.

If an IC fails, it must be replaced; it carnot be re-
paired. All IC's are enclosed in a hermetically sealed
package. It is useless to attempt to take this package

;apart; the circuit inside is so _small that repair is impos-

sible. . Because of cost and reliability, replacement of IC's
is ggconomical and poses no problem. '

\ . o t
TYPES OF IC's
‘ ~ ) .
,+As with transistors, hoth bipolar and metal oxide semi-
conductor (MOS) IC's have been created. While the elec-
tronic theory is the same for constructing discrete devices

and IC'é,'the ﬁethod of creating individual components inside
the -chip is different from parallel approaches for discrete

.devices. Construction methods for bipolar and MOS devices

will now be discussed. -
, ‘\ b
. | 141
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BIPOLAR IC's : ‘ ' '

~

Bipolar IC's and discrete circuits use similar compo-
14

nents. ‘Figure 1 shows a bipolar IC incorporating a common
emitter transistor,stage.

t

L3

2
\ . . . £
. . . 10~ — 1L 3
a. Circuit Diagram A < N
. ‘ . c AN 03
N CAPACITOR DIODE TRANSISTOR  RESISTOR
ALY O oS
. METALIZATION 2 (INSULAT'IN%
4 G 1}M LAYER)
° s I THE AP TIITES 'lllll/raz L2222
) N %
. N
b. Side View P-TYPE SUBSTRATE
= . TRANSISTOR
- . METALIZATION -~ —\o—
, . . CAPACITOR FILM o .o ,Xg 2 nmmmL\\\k .
- i N [r= —
c. Top View 1 l 1 L 1 ——
=TT = NT T
] .
\ P-TYPE SUBSTR .
‘ ‘[ SUBSTRATE p . . .
- . TERMINAL : N

.
N

Figure 1. Bipolar Construction.

~

- &

It.is easy to construct transistors inside IC's. More
difficulty is realized in forming capacitors and small re-
sistors, where if either is of a .large value or voltage, it

is excluded from being piaced inside.  Moreover, trans-

formers are not a part of internal components.

s 142




"MOS IC's

Insulated gate field-effect transistorg (FETs) are also
incotporated in MOS IC's. The construction here is similar
to the construction for discrete- IGMOSFETS (insulated gate
.o metal oxide semiconductor field- effect transistors). ' These .
devices are combined with capacitors and resistors, as were
bipolar IC's. Figure 2 shows how an IGMOSFET is formed in

the IC.
SOURCE GATE ORAIN .
TERMINAL IAIN ;
SILCON OXIOE , TERMINAL TERMINAL
ows i /! /
INSU _
LAYER) b
DIFFUSED DIFEUSED
SOURCE - IEEUS)
REGION REGION
' . SUBSTRATE

e o 7 <;\\INDUCES

e CHANNEL

.

Figure 2. Part of an IGMOSFET IC.
One advantage with MQOS technology is that a MOSFET can
be formed in a $maller space than a bipolar transistor.
This is one of many reasons for the IC's popularity.

- ’

' 143 .
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. OTHER STYLE IC's - <\///

, Thick Film T ' : <

4
.

R
~

Nhether bipolar or-MOS IC construction is used, these
devices .can be formed in layers much like one story of a
house pldced (and insulated) on top of the other.” Different = -
Cémponents aTe arbitrarily placed in different layers. When -

multilayer construcfion is employed, the device is called =z
thick-film IC, as compared to thin-film IC's. More compo-
nents can obviously be placed in the. device, but more heat
will be internally geherated as a result, . @

i

__Hybrid IC's
Hybrid IC's are created by combining—variou§ combina- . ;
tions of layers, and possibly discrete components, in one
package. A variety of packages,’dépending upon need, can
be produced. Figure 3'shows an example of a hybrid‘IC.
The hybrid device may have én IC within an IC, as shoﬁh
-~ in Figure 3. The monolithic IC‘showﬁ is constructed similar
ﬁo a standard bipolar transistor. Individual devices are

- . . r’
interconnected by flat wires much like that used on printed.
circuit boards in elqétronic equipment. —

s, - ‘
‘ 3

. .+ . ED-04/Page 7




INPUT 7 OUTPUT
TERMINALS

3

THICK-FILM
RESISTOR

' ‘ CONDUGTORS

N | :
.
. DISCRETE
CAPACITOR

-

APPLICATIONS OF ANALOG ICs

»~ .

IC's are used.in two specific categories of electronics.

" In almost all cases, IC's can replace transistor stages that

vices.

l; exist in analog circuits.
-capable of almost as much power output as the discrete -de-

The second category.is digital circuits.
ments during the past 15 to 20 years have prodyced a multi-

‘tude of digital 'IC chips:.:
Analog IC's will be discussed in this module.

IC'S will be covered in a later module.
note, however,- that digital electronics use is broader than

analog use in the ap

Page 8/ED-04
« -

;"cation of IC's.
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¢

In analog electronics, IC's are_usually used in ampli-
fiers and oscillators, with use in amplifiers most common. .
This use has been readized in consumer products, particularly
those used for entertainment. Television monitors'and'sound
equipment utilize many of these devices.’_These eiamples
incorporate several stages inside one chip, such that an
entire section of a system has perhaps 8 or’lO stages. In "
- these cases;, chips ar‘e~spec1alized ratheﬁhan universal.

Eagh manufacturer develops a version to e nte originality -

- AEE~££Sduct security. Several of these are listed: - ' ..
» Intermediate frequency amplifier.
+ Sound amplifiert(inoluding detection). . : .
« Color processors. e R o B
. Automatic gain chips. '( .
B e Preamplifiers . ‘, : o '
; TTye

° . "These chﬁps can be purchased from manufacturers with relative

. .ease. More data can be obtained from manufacturer data books
produded bz;Motorola RCA, Texas Instruments Sprague General

Llectric, and others.’ o K .
é‘ .
- This module w1ll cover universal analog chips that can .*

—— s e B s —

be 1ncorporated in different circuitsN\go accomplish spec1f1c
jobs.. Operation amplifr€rs is one example. Students will
perform a laDoratory exey e at the end of this unit that

furtherjaisplays charac

y

ristics of the "op'" amp. . -

~

' ED-04/Page 9
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\/ gram internally, whil'e Figure 4b ghows the symbol found on

-~—— of the device.

OPERATIONAL AMPLIFIER ’ : ,

~ In the analog world, most amplifiers reproduce all or
ﬁart of the signal placed on their inputs. The operational
amplifier device can amplify either d.c. or a.c. signals, '
and provides a substantial gain from 1nput to output if
desired. This gain can be controlled so~£bax it can be
zero or several thousand: External circuitry is added to
. control and provide the desired gain for each application
' Figure 4 shows a typical, "op” amp and the dlfgﬁrent
packages in which it is enclosed. Figure 4a shows the d1a-‘&
a system diag?%m Figure 4c.shows an IC package in which
two IC's can be arranged, while Figures 4d and 4e have one
IC’ 'The: IC package can be circular orcrectangular, depend\\\v
ing upon the manufacturer. - - - .

3

——4<5é9m
, QZE] .

oA
| P i)

Qg °1o;1—1-{°11' b
: OFFSET Qs

m ¥

Ry Ry Ry
KQ [SKQ 80
T, o : S
1 . b. mw*rs{ . OUTPUT CoRitE™ @
7 ~ 2 . Qg7 .
*! ) . a . o2 £F J6 .
o] OFFSETH 4 .
T e R ) *
4 -
. . . . e . T
Figure 4. Operational Amplifier Diagranm. .
- - - - - .K v

\
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In most.appkications,~méximum amplifying aBiHﬁty of

the '"op'" amp is hot used

that stage stab;l;ty is 1ncreased as a result’

o

One advantage in d01ng/thls is

dtability

/
refleets its ab111ty to accurately reproduce , the input sig-

nal at its ou;put

) /

/

Note that this IC has two inputs and oﬂe ﬁutput

Bach

input will be discussed and’ the general opera ion explalned

, Flgure 5 shows the basic intern

_ tional amgllfler.

-

a st%ges of an opera-
vl ,

—

i

I3
INVERTING
INPUT

C—w

» NONINVERTING
INPUT

: O

L. 1

i

DIFFERENT-I1 vOLTAGE
] AMPLIFIER AMPLIFIER | | AMPLIFIER {
L > 1

Figure 5.

Operational Amplifier.
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. Stage 1 — Differential Amplifier.

£

This stage pr6v1des three advantages for good
- ' reproduction: noise rejection, high 1npu?Nre51stance
B and wide frequency response. N
\ : Any signal can be accompanised by noise that comes
either from external environmental sources or internal
Gircuits. Either noise reachihg the amnlifier output,
—-*—““—“”x’“' oftenﬁe spEZE€¥f creates distortion. T& reject this
unwanted noise, two inputs are provided on the dlffer-
cential amplifier. Within the first few stages of the *
differential amplifier, the noise is canceled, leaving
the desired signal. Unfortunately, not all noises are ‘
E cancelable. However, the differential ampllfler does
prov1de reJectlon for common mode noise. Hum in the
: speaker is one noise in this category. N
The dlfferentlal amplifier prov1des high 1nput“
resistance to 1ngom1ng signals applied. This aSSures >
< that the "op" amp will not be a low re51stance‘iaeamwﬂ“'
g on previous circuits that as a, result, increase system .
stab111ty and energy dralnw Because’the voltage ampli-
. “ ' fier follows, .the differential ampllfler also' provides
a high resistance output.
. = ) Most differential amplifier stages are d. c.. cou-

e

pled to the second stage, prov1d1ng a. frequency response

- from 0 Hz to many megahert:. -
0 -7 N

- . Stgge 2 — Voltage Amplifier. . . ‘ TN
ey ‘i;;-'f’. The voltage amplifier is a high gain stage -
) , typically as hlgh as 750 000. While this is a. very. .
gé& ,;bn'" good characterlstlc, instability can'occur in ‘_gﬂg, .
‘;,»' N amplification levels. Thus, md%tﬂgppliéati use ° » .
o ... only part’ of this amplification. Almost {all signal .




_frequency respoﬁSe 1%Pma1nta1ned because d.c. coupling
is used in the voL&age amplifier ‘and the diffegential ’
amplifier F§r a review of d.c. coupling, refer to-

Modules ED-01, ED-02, and ED-03. - O
+ Stage 3 — Outgut Amplifier. i
The major purpose of this stage 1s to prov1de a &

»

___—-“~—"“10W“Output re51stance so the '"op!' amp, can drive (w1th
a reasonable current flow) stages that follow. In some
applications, this IC chip may dr1ve another amplifier
- of some'yind that provides power to an output load-such
.as_a speaker, In other cases, the IC ch1p may provide

—— - s '

PR ~a signal to dr1ve a display.

- . - .
- Al
¢ : 1 \\\.
- . -
.

POWFR.SUPPLY QEQUIREMENTS

-

S This IC uses both p051t1ve and negatlve power supplies -
- —-to-allow.a. uLder.ngnal_swlngm&I the output. _Most opera-'
tional amplifiers use voltages ranglng from 5 to 20 volts.

The IC has pins to accommodabe both powef supplles, with
ground being the common reference for the positive and nega- -

tive sources. _ . .
CHIP USE - '

-

; Figure 6-shows basic connections of the device. Al-,
- though the hookup looks éimple,‘tHe device may. be used in’
- se al ways.: The different modes 'are open-loop operation.
aqd:closed-loop;opergt;on‘giigerting and. noninverting con-

+ figuration).

.
3 < - - :
. ‘. , SR,
. . d ] h 4 ‘4 I ]
.

'/




al

o WU
INPUTS /

o~

OUTPUT | Figure 6. Operational Amplifier \*T‘
Basic Connegtions. -

/

- Open-loop operation.

When the '"op" amp is used in this arrangement,
all device gainqis utilized. Most applications do not
' use this type of connection, however. When used with
an ppen loop, no signal is fed from the output back to ~
the 1nput . The result is a saturated amplifier in
either ;he positive or negative direction. F'gure 7
illustrétes input and output of this device. Notice

particularly the shape change from input to output.

. . 7 »

- s . .
.t ’|J POS — {
SINE-WAVE ' +1ov POS '
GENERATOR A ‘
L. :
¥-- 0 VOLTS
'+1v ‘/// - tov
2ND
-—4/ L ALTER-
- [ATION|
-1V ; OV mmqm —mmfmm e | e e
L. . ) 18T
. , ALTER-
.. h OUTPUT—> |ATION ;
INPUT NEQ -1ov neal.
\ -10v
OUTPUT WAVEFORM
N s T -
: , -

. ¢ v . s r -

=) . » » .
L -
’ .
. » 7
P .
- ’
’ ’
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N

AR

4
»

When used 'in the open- loop arrangement the only
pract1ca1 circuit called a comparatpr. When the
sine wave on the input s positive, the-output is .
driven immediately negativé, equal to the value of the
negative power supply. When tlie sine wave returns back
to zero after completlng the first alternat10n the

\butput al¥o™ returns © zero. Since the second input

4

"dlternation is negative, the output®goes immediately

positive, remaining there until the input sine wave
L

"returns to zero. It.is obvious that the sine.wave is .

- ®

-

altered in this amplifier since the‘output is a square
wave. If a sine wave 1is requlred at output, the stage-
gain must be reduced This 4s accomplished by provid-
ing feedback to the input and 1s called a cloSedfloop
,arrangement.

Closed- lggpggperatlon e " -

To assurgkthat input 1s duplic¢ated in shape at -
output, the ‘output signal 1svreduced in amplitude and

fed back to input. Feedback determines '"op" amp gain.

2

Much signal feedbatk'tp input reduces gain; whereas, -
little signay fgedback increases gain. "Too much- signal
feedback creates distortion (change in shape) in input
and output 51gnal ’ .

The closed- loop~operat10n can be accomplished in
tgo ways: the 1nverting and noninverting configuration.

‘When inverting mode is used, thée signal at the input

'will be phase inyerted (180°)Yin output. Of course,

noninverting prqvides'a honsh¥fted input at output
signal. In either case, output sagnal amp11tude is
controlledﬁby the ‘amount of %eedback allowed

T e : Y - ED-04/Page 15
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Figure 8 shows the inverting configuration. Fig-
ure 9 describes noninverting configuration. The }n*
verting mode is the most popular of the two and is
, practlcal. . ' . .
Flcure 8 shows feedback placed on the top input,
L \ called the inverting 1nput Resistors R; and R, are

chosen to prov1de voltace "divisiom~for the amount of
51gnal voltage feedback reqyired for the partlcular
_ appllcatlon Chanclng the values of R, and R, changes

the amount of feedback requlred. The ratlo of R;/R;

determines feedback voItagetw If Ry, = Ry, Ehe gain of |

the amplifier\will be zere:“ Input énd output ampli-

tudes will be 'the same. Increasing the resistance of.
~ T R, (compare& tq Rz) will increase gain, because less
Joltage is fed iback.

Figupé 8. Invertimg Mode with Feedback.

Output signal will be 180° out of phase'with. the '
"input signal for the inverting mode shown in Figure 8.

Figure 9 shows the input signal applied to the
ndninvgr;ing input, with feedback fed to'thg/ihvertigg

-

- ! N A
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-
» input. This mode provides a noninverted output signal
with its dmplitude.controlled by the feedback on Pin 2.

(Notice the input and output signals:)

I3

’Figure 9. Noninverting Mode with Feedbﬁgk.
o . ?'

The gain of either the inverting or noninverting

amplifiers can be calculated. The proper calculations,

are shown here with the inverting mode shown.first.

gain = - inverting

- : = . . ’
gain = = + 1 noninverting

. + . N

An'example of each calculation may provide further

understanding.

’
[

o

. )
ED-04/Page 17 -




f
. EXAMPLES OF CALCULATIONS:
) Inverting .
S R, = 10 K@
§ R, = 1 Ko
Input signal-= 0.1 V
Calculation . R
. _ Ry 10K _ e
Stage galn = p- Txg - 10 o
) Input 6ut9ut "a"'\,, \wv‘
LR
0.1 Vx10=1V Ea
_ Noninverting ‘
Ry"= 10 KQ “
A . b
R, = 1 K@ N
A - Input = 0.1 V
Calculation
R, 10 K@ _ . o
Input Output " .
0.1 V'x I1 = 11V ¢
- ! ';
- ‘ Lo “ ',.
\ G@gg
Lt
]
Page 1.8/ED-04 : 150 o .
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' - Frequency response can also be calculated for an "op"
This is the range of frequencies that can be

amp .
The formula is as follows

pdssed by the amplifier.

bandwidth = gain - bandwidth product ’
gain .

i?

>

léé:}
[y

2

P
4

"'K/ A~
.

o
A

)

v,

EXAMPLE OF CALCULATION:
Say the ga1q'bandw1dth product is 1 MHz.
the gaan for the prGV1ou5§0alculat10n shown for an

1nvert1ng amp11f1erﬁe1f i's the follow ng;

»' .

Using

5 Lﬁl ot
Calculation .
bandwidth = %3in - banﬁwtdth product
. £ <+ 7/ gain
S =k'I; MH:z ».‘ "
. A A,.rbo‘\ 130 ) -\z)-
- e gljef),OOO Hz

< - T ' /1.« !
4

The same calqﬁiat;on wo@ks for the nonlnvertlng ampli-

fier. as long as the proper gain is selected from the .,

gain- calcuLatlon done ‘on the precedIng pages
L/ ,

e

AMPLTFIER USES

o

o
ot r‘z

a H‘.?Z‘h‘:&?

4’ n’. ,;”;g"'\ ¥

"Op" amps are: é most useful IC.
place many of the §1screte component uses_ and often does a
Sever&l uses aredactive filters, summlng adders,

ks
AL

An "op'" amp can re-

better JOb
and difference ampTaflers
Vi, ""‘Nm..uw _ ’&
o - b - .
’ | . a ' ED-04/Page 19
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= Active filters. :

(If a review of filters is npecessary, return to
appropriéte materials.) Because of the fast rate at
which an "op'" amp can change, it is an ideal device
for freduency filters. An “og" amp classed as an éctive
device can be used to amplify a changing input signal in
wccommodatlﬁg a wide range of frequencies. The filter '
portion must exist in discrete componentsmeutsidej%he
chip. However, because-the "op' amp can react to the
drop in amplitude as the filteTr pass response falls off,
the chip makes the fall-off quicker and sharper. Figure
10 illustrates three different graphs for low pass, )
high pass, and band pass filters, respectlvelv (in q B,

and C) showizj_ige rapid fall off response

-

. - S CENTER
. FREQUENCY
| .
’ ‘ 1
w u w !
: g : i
= = = 1
= -3 =3 i
: 3 i S
< < ; < | N
FREQUENCY ———>» FREQUENCY —> FREQUENCY —>» .~
! i .
% Low Pass . b. High Pass _ ¢ Band Pass

.
X , }

Figure 10. Low Pass, High Pass, and Band Pass

Filters witthall _0ff Response.
4
f
"Op" amp circuits used ‘Lo perform thése filter circuits
in Flgure 10 are shown %n Flgure 11. In low and high

pass filter$s, the fllter is placed in ,the input lead;
L3 . ,*

¥

Page 20/ED-04

157



-a )
Ry Ry
3 NN NNV YV J
- AC N C
) GNAL

l
l
I

a. Low Pass Filter

T 1IC N NG DN
A, 4 OuTPUT
o ]

s b. High Pass Filter
N~ VvV -
S _L Ry Ry S
c,, =~ C2 =<Cs3
T T 1
\ ‘(B
- / ) jf:)u*nau*r
¢. Bandpass Filter )
/ ™ Figure 11. "Op" Amp Circuits Used to Perform
‘ Filter Circuits Shown in Figure 19.
n @ » .
»" o ED-04/Page 21
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ey

whereas,

]

~ -

the band pass filter is located in the feed-

back loop and affects the amplitude and frequency of ,

.

the feedback voltage.

-

Considerable gain is obtained at frequencies

passed to output with a high attenuation-at all other

frequenc1es, such that they are blocked from reaching:

the output. /
Summing Addérs..

In some applications, many voltages must b® added

159

~ ,\
.

e e -

S
together to obtain net voltage value. These voltages
can be either d.c. or a.c., and are fed to the "op" .
amp via input resistors. Figure 12 1is one example of ‘
a summing or adder circuit. »
& R2 .
eV
1000Q
-
) A3
8V —— AN~ .
10000 —0
QUTPUT 24V v
E Ry . ' X
10V o = .. .
10000 )
Y ’ .
R Rg=Rq=R - - .
Figura—+? 3-Input Ardalog Adder Amplifier. - R
Lo : '
' t This "circuit is eépecially useful in tallyiﬁg the - .
s *‘.},
résults® of several anuts (not “imited to°3). If the- o
de51gner w1shes one 1nput to be weighted heavier than
another, input resistors Rz, R;, and R, can be ratioed B
to obtain the desired®results. Figure 13 is an-example.
n this circuit, E, brovides 6 V, whereas E, and E;
rovide 3 volts and 1 1/2 volts” respectively.
. ' !
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€3 . 3xkn ) .
v ——AVV g ANNV— :
/ v . ‘ ’
Y
E2 2K0
&V —— NN
Q
OUTPUT 10.5V-

~ -
\ " .
Figure 13. 3-:Input AnaQOg Scaler Adder Amplifier.

\
{ LY

These circuits are used to convert back gnd forth
between analog and digital signals.

. Differential amplifiers.. .

Some electronic applications require comparing
two signals and subtracting the two,for a net differ-
ence. One such case is the AFC circuit used’in elec-

ronic receivers. An example'gf a basic difference
zhplifier is shown iﬁ Figure 14.

R1 .
» : ;
R2 r - -
IV — AN
‘ A | \ - O_ .
2V —ANN- ;i,//”’/r ‘ v oyTPUT
: Ry . :[. ‘

>

Figure 14. -Difference Amﬁlifier.

ED-04/Page 23
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w [
\\h_ — ‘ -
’ “ . ? -~
. -
/ . In this application, only two voltages can be

compared. &f more voltages are to be compared, input
must have either a summer or §thractor circuit pre- .
. o 7 ceding R, and Rj. Any number of uses is-possible—
, according to the desired design. FEigure 15 shows an
example of a summer circuit preceding ‘the difference

- . . v

inputs. -

WV . AN

Ret,
W ———NN

AVAVAYS
ST ‘ — + :
g ) -1V OUTPUT

Re —0
. Ra2 =
= * , 1 R o
—\\V\r
Roe .. Ry
3V VWV ’ ——~\N\r—j_ L

_:, Flgure lS leference Amp witn Adder Input ) /.

L%

»

b

This circuit, like others, can be arranged to fit

any requirement. - In Figures'l4 and 15, R; and R; with,
' R3 and R, dre difference 1nputs with R and Rb and

: \\ Ra2 and Rb servIfng as the adder portlon of the circuit.
\ -Althouch only surface theory and pract1ca1 level’

\\\\\}have been discussed, this materlal.proyldes awareness

) of circuits in. use.’ Later modules will show uses in a

system application. /

Page 24/ED-04
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. - .~ . EXERCISES
. / . ]
1. State a probable reason flor 1ntegrated circuits 1Lma;n-
ing in the field of eleotronlcs : “’ %ﬁ’
Give two ?dvantages/tubés have over IC's Q*'-
3. State the major advénvéges IC's present to energy con-' o

servation. . / / : ' “} ”
4. Draw a c1rcu1t t’ht pgﬁVldes the dlfference between"

the fOllOWlng groups at output Use an '"op'" amp as ,

— - R

Ji ) @

-/ (Summing) Gyoup" A SV ) K
S 6 V d ‘ ]
/ 2V ‘ to
// —— 8 difference
\ / // 10 V ) CRT |
(Summynglﬁroup B) 3V ) y v
V ) :
/ / v

> .

triggered 10 MHz o;pilldscopé)(dual trace if possible). .

d.c.-a.c. ohms ltimeter with leads.

‘d.c. power supply. ’ ‘ -

positive 10-vo
negative 10-volt d.c. pdwer supply.

N T = e T =

-

ED-04/Page 25




watt 5% resistors.
1-K 1/2 watt 5% resistors.
1-KQ 1/2 watt potentiometer.
0-pFd capacitor 25 WV d.c.

(electrolytic).
2 0022-pFd capacitor 25 WV d
. y . .

.C. (non-electrolytic).
, .

/

/

: / \
LABORATORY PROCEDURES

|
A3 |

| ¢
. LABORATORYxl. COMPARATOR. ‘

| h)

.y
|

. , | v
This lab give$ a practical look at the 'op" amp ex-

plained in this module. Equipment and parts required can

be found in most inventories.

9

PROCEDURE

Construct the circuit (shown in Figure 16 .below) for
a comparator. '

..Figure I'6. -Comparator.




. . 2, Set the sine-wave gederakor for 1 KHz (frequency). . ,
' With the oscilloscope jMowing a trace, adjust the slpg;,
‘wave generator de control so an acceptable trace

. (square wave) 1§ .1ble on the scroén ' Iiirease the
/ generator output only enough go provide a good ampli- ) -
_tude on the scope for viewing. I T

~ S:j: In the graph in'Data Table.1, draw the inputtand output L
:;~<~3£"_4mueﬂnm Umo‘quie&ierxuh;,Jmtlngthanthe input _ L%;A_’
' is a sine wave; whereas, the output is a square wave . o
Notice that the output is distorted or changed compared

to the input, a charactéristic of the comparator. 3
R 4 A » ar ®

s
- ‘
. . A

A
» .

F -
LABORATORY 2. INVERTING AMPLIFIER (WITH FEEDBACK).

.
- h >

PROCEDURE

o b . - .’:

- 1. / Construct th® circuit (shown in Figur \iz) for an in-
" ver®dng ampljfier. ( o >

K
2

- ) POTENTIOMETER

e - . KO
‘ o K0 §< VVV
' SINE-WAVE 6 ) '

GENERATOR

~ INPUT

Figure 17. Invertfing Amplifier.

ED-04/Page 27
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3 . .
2. Adjust sine-wave generator to 1 KHz.. -

w

AdJUSt the potentlometer so there 'is. 0.3 volts Peak-
Peak at Pin 2 of the "op" amp (use the oscilloscope-,
. vertical input-connected to Pin 2 and the. osc1llg§cope -
ground to the circuit ground).

4. With the osc1lloscopes attached to Pin 6 (vertlcal
&nput of scope to Pin 6), ‘measifre the P-P a.c. wave-

~ form. (Scope ground must be connected ‘to cirtuit I

.ground.) N .

s, AdJUSt the potentlomgter for the following 1nput volt- "
age steps %nd measure .at Pin 6 with the scope. - i )
a. 1V.
b 3V w ‘
c 5 V. ‘“
d. 7 V. e "

— e. 9V )

6. In Data Table 2, plot the input and outﬁqt voltages .
for the input voltages shown in Step 5. (A aual trace -

> scopz works best, in that input §nd~output can be seen
at the same time.) - }

,

I~

.

LABORATORY 3. -NONINVERTING AMPLIFIER.

PROCEDURE '~ | - L

- A * v

i.  Construct tAe citcuit for the noninverting amplifier
\
shown in Figure "18. .

1" KHz and
an output of 0.2 volts. (Use the oscilloscope to mea-

2. . AdJust the sine-wave cenerator frequenc

~

“sure Pin 3 voltaoe for 0.2 .volts. Scope Vertlcal in-
put to Pin_ o;ﬁscope cround to ctfcult cround )

-
- v . . )
e : ~

.. ’ . ©

Page 28/ED:04 ¢. - . J/)wx\
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) ' AR @
A '
\ / ‘
. . —~ . N ‘
: T : ’
VvV
. xa ‘>
SEMED) T
. —~VVV 3 8o
: 1KQ
; .
’ - Figure 18. Noninverting Amplifier.
3. With the oscilloscope, measure the P-P voltage at the
" output Pin 6. (Scope Vvertical input to Pin 6; scope

ground to circuit ground.) _ S

4. Adjust the potentiometer for the fdilowing input volt-
age steps and measure at Pins'2 and 6 with the‘scbpe; )

N Plot input and output waves in Data Table 3. '(A dual ‘ﬂ .
trace scope works best, in that input and output can
be seen at the same time.) . '
a. 1V. o o ,
b. -3.V. ‘ . - . v
’ c. SV. - A .
d. .7 V. . ~ - o
e 9 V. . P o . . . i
- - . S w *

Vs




;o - 1.5 KHz — P16t above Step 2

LABORATORY 4. . LOW PASS FILTER. . "

s
_PROCEDURE
o
1. Con'struct the circuit shown in Figure 19.°

’

//

10KQ 10KQ L —0 .

OUTPUT

[

R . . N . -

3
-~ ‘i'
. « -

SINE-WAVE ~> X0
GENERATOR

-~ .~ ' Figure 19. Noninverting Low Pass Filter,

19

‘Set the sine-wave generator to 1 KHz. Set the sine-

" wave generator output level and the 1 K@ potentlometer
“S0 ‘Pin 6 is prec1sely 4.0 V P-P on the oscilloscope.
Plot ‘this P- P value on the left-hand side of the graph
in Data Table 4 (Step 1).

3. Adjust the sine-wave cenerator to 1.5 KHz through 25

KHz.in 0.5 KHz increments and plot each output measured

(Pin 6) on the graph, Example:

Referénce Data

& ’, ‘
Lol + 2.0 KHz — Plot above Step Table 1.

- 20 KHz - Plot above Step 11
(Notice the reduced P-P value ‘for each frequenc» as

(¥

" frequency rises.) . Q

&

-

6
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> LABORATORY.S. HIGH PASS FILTER.

- )

.

PROCEDURE

Construct the circuit in Figure 20.-

SINE-WAVE C%) ) \ ‘ O
GENERATOR ~ \ OUTPUT

Figure 20. Circuit.
Set the sine-wave generator to 25 KHz and the output
‘voltage of the:generator‘to precisely. 4.0 volts P-P
(measured at Pin 6 with the oscilloscope).
Plot this 4.0 yoitage-walue on the righx' ge of the
graph in Data'Tablg Y ' eqs |
Change the frequéncy of the .generator (not the output
‘voltage level) in 0.5 KHz increments and plot each
from right to left on the’graph in Data Table S.
Notice that as frequency decreases, the voltage at

: \

Pin 6+also decreases.
Y

[ow
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DATA TABLES

COMPARATOR.

DATA TABLE 1.

m ] v'
Tl IR SRS (S (PR S ¥ )
o |
o )
R . s e e I ER e o el u”
o
rl|l‘l'|. """"" e v wwn e wam e afe - - fe - — llllng
9.
3 9 "9
Tt -] - -~ - - —F-=F--~8
2 1.
g 0 u
, i
b o — - TI..IT:I.II...I llllllll e = g W
<
N
p = : R N IR SUNL R
-3 W I N IS SO B o
~N
N
- -
> > > > > > > > >
< 4.\& & z Qm - - nm
-’
(Mvad 04 nvad ) 1M03 ~
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o oW
- r \:\
v . -
DATA~TAB¥E 2.. INVERTING AMPLIFIER (WITH FEEDBACK).
. Input Output
' Pin 2 voltage (P-P) Pin 6 voltage (P-P)
1V '
3V
N
5V
' 7V , i |
) L 4
9V ///////

’
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DATA TABLE 3.

NONINVERTING AMPLIFIER.

Input , , Output
Pin 3 \ré/ltage (P-PY Pin 6 voltage (P-P)
1V A .
3V
5V
% >
7V _
9 V
-
, - -
;
. - T
¢ ~

}Page 34/ED:04 171
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DATA TABLE 4.

LOW PASS FILTER.

-
3
0 H
‘ . v
H
M
i
£l
oo
" :
¥ “
-3 I IR RPN %llulxlll%hn-l';w
[} s
~ ; o
' -
“ .
U (S, I!-IIILvl.I..Illll-l-l.LI.l.r:ll!.lcllulall “H.
- [=}
- -~
U PENUERSIN PRSP [P SR Ry S S e I Y )
- ; -
1 | 9
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=
m .IL...nl.lf-lll.IlF lllllllllllll ~%v
i w
v : ! o &
Tlllllﬁnl'ﬁl llll R e e b = —q W)
-
b ] ;
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i -
§
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< - ] ] o o - - d
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ED-04/Page 35

~

¥




L

[

DATA TABLE 5. - HIGH PASS FILTER.,

2kHz

10kHz

20kHz

4.5V,

4.0V

¢

k";‘f'“

3sv

Cod 3.0v

\

<
-

2.5v

L

=t

2.0v

1.5v

EOUT ( PEAK TO PEAK)

1.0v

‘

o.5v

Y S D I e T i et Tt

-

N

[AY r—.—._ }.._.....4_\__,.._.. b

nl ity iy el Sl e St e Il At
Y S R DU PN I ) B B R

L
I
|
L
[
|
¥
[
I
!
!
[
|
!
i
I -
|
]
!
|
|
|
u
T
}
[
5

8 8
FREQUENCY

% { -

r'S

12 13

1--
4
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1st ed.
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Prentice

Hall, 1979.
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TEST

.Which of the following is not an advantage of IC's as
85mpared to diserete devices? ’
a. \Low operating voltages.
b.- Small if size.
c. Sensitive to heat.
d. Low voltage operation.
An advantage of the d1fferent1a1 amplifier is that.
a. it is easy to remove components in it.
b. it has common-mode rejection ability.
c.- 1t can ampYify d.c. signals.
d. it can ampldy a.c. signals. ° .
Which of the c1rc&1ts listed uses npo feedback?
Low pass- f11ter ("op" amp) .
High pass filter ("op" amp).
Comparator ("op" amp).
Inverted input.("oé" amp) .
Refer to Figure 21. What is the voltage at the inverted
input (-terminal)? - '
ca.r 5V,
-10 V.
oVv. - )
-5 V. -
None of the above.

“~

kind of amplifier is shown in Figure 21?

Comparator.

Summing '"op'" amp.

Inverted input "op" amp.
Noninverted input 'op" amp.

~




-0
QUTPUT

L

N

Figure 21. Figure for Questions 4 and »>..

—~)

In what sequence are the three sec}ions of an '"op' amp
(differential amplifier, output amplifier, voltage ’

amplifier)?

where the power output requirement is above 1 watt:_"
"op' amps must be used. e
a. True.
b. False. . . .
Which of the following practical circuits can be used
to reproduce a signal without distortion?
a. Com?arator. |

Summing.

Differenptial.

I#yerted input "op" amp.

Noninverted input '"'op' amp.

38/ED-04
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-

4

\

Which of the following inverts the oﬁtput compared to

*

If the input Eihv is a sine wave, Eo
When E; , 1is more positive than E

-
'

ot

noninv

3

-

-

.

.

<« Figure 22, which statements (below) are correct?

'=.5 volts, each E, = 0 volts.

B}

N

is a sine wave.

nponinv’ Eo 1S

& - the input?
a.  Coémparator "op" amp.
b- Inverted input "op' amp.
\ c. Noninve?fed input "op'" amp.
-d. ‘jDifférential "op" amp.
[ 1o. :
.. a. When E; . and E
’, b.
c.
poéitive. "
i (ED)
INPUT .(EJ
_ GE”E?ATOR o

Figure 22. aOperational_Amplifier.
- ‘ .




e
i

SN

- ENERGY TECHNOLOGY (|| .
© CONSERVATION AND-USE | 3
. ELECTRONIC DEVICES AND SYSTEMS - - |

%
B

DA AAAA
ey
..\. 2 ST
[ 3
—t

AR,

ASmAA S,

Ouu >

la’

G

o, ':.4. .".l
;

MODULE ED-05 .. !

INDICATORS AND DISPLAYS SN :
ECHNICAL EDUCATION RESEARCH CENTER - SQUTHWEST | — ‘

—. /4800 LAKEWOOD DRIVE, SUITE §

—— WACO, TEXAS 76710 e e




© '~ INTRODUCTION.

- g

Indicators and displays are used universally to ‘give. .
-~ , . . - .
people information. Indicators and displays aré ?hcorporated
in electronic equlpment to give'information about copditions

>

within a system or stage. Wﬁ!sg not all of these devices are -~

&#~moun€ed externally, most are v1slble to persons using the

equlpméht. Some indicators must be viewed frequently; others
may be viewed only occasionally. Indicators can proVide only
© two pieces of information: ON or OFF. Displays éan pro- '
vide more information. e, .

This module covers 1ncan3escent and neon lamps and -
several light- em;ttang devices that are currentdy avallable.
The last part of the module covers a speglal device called

“an optical coupler, wh1ch incotporateés llght em;ttlng diodes

——— ~~.,..__‘.;..._w~‘._.m.._?‘,._ SR S

.

(LEDs) used to transmlt information frOm one stage to éﬁbther

-

and prov1des electrlcal isolation.

2

. .
+ , - .

/. .- . . PREREQUISITES

The stude9¢ should haveteémpleted one year of algebra
and should aldo be familiar with the congepts.of d&reg}_

2 OBUECTIVES
— ' —

Upon completion of this module., the student should be

current and Alternating current electronics.

able /to: : . ‘ .

1. / Name three factors by which incandescent lamps ate rated.

-

2. LDescribe how a neon lamp operates and indiEate‘why resi®’

- tors are wired in series with these devices._

-

. —_
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.State the difference between ‘reflective and transmissive

. »
] Describé/the circuit of an optical couplef” and state the
--Bdvantages of this coupling method over eariler approaches
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Descrlbe the operatlon of both single and clustered
LEDS and draw the accompanylng c1rcu1t component.

. .
3

LCDs.

3

used for interfacing.




__ proper lamp. o o - o : e
A lamp has three elements:  a filameng, a base, and a "
glass cover. Depenuing'upon=the materials’ used to construct L) R
“the light producing ﬁf}ament,‘thé lamp may withstand a pre- - ”} -
* determined currenf?value.: The amount of‘current flowing is ‘ .

. the lamp. . : . . . : .

._current flow as it 1s mcved by the power sourCe -When these

.- . i LY . T . R . -‘ M )
. . :1 . XL, . . - . A,
€« . s ",.. ‘,. t. _' \ . - .'4 . ‘ RN
o R ST :  a "~ 7 "ED-05/Page 3 j

o . SUBJECTMATTER - -

JNCANDESCENT LAMP% : P

. .
-~ * ¢

Lamps are used’ to pr0V1de indication of a condition of
the equipment to which they are attached. Lamps are two-
state devices (ON or OFF), and they represent only two coudi- :
tions. It is rare to find, lamps used to prOV1de more than
two states; howéever, it is not 1mp0551b1e "Light levels canf .
be differentiated under certain condatlons, but it is diffi- _* | =
cult for the unaided human eye to dlstlngulsh llght level
differences. L .
& The above dlscu551on about lamps- assumes an 1nd1cator RS
application. Whlle lamps may also be used to prOV1de llcht ’ ¢
111um1nat1§P this is not theypurpose in electronig applkica- '
tions. However, 51nce heat is a byproduct lamps are,some- , . -
times used as a constant or changing heat source. 'This mod- - :_
ule will discuss lamps when used as indicators. ) ‘

Incandescent lamps a;e'usuzily rated by amperes, voltags,

and wattage. This informatien important when .choosing a /\,'.
L4 .

dependenb upon the voltage appilied Loy and.the'resistanee of,, .. ~*

Lamps are produted W1th specific uses 1n mind; for exar- v o
ple, a 6- volt lamp is normally. operated at 6 VOlﬁﬁtblReSIS- )
tance constructed.lnto the fllament prOV1des opposition ‘to .-

cond1t10ns re met, the lamp prOV1des a pxe 1ntended brii=.
lgdﬁce. Applylng l@s or-more ,voltage causes brightness to _\\e‘

-
T -
N
- I . N - i v

. . ‘
‘ Ny . -
< .
! .
~ »

~ - .0 180 | ‘
. o, e At 4 \ ! N
- X ‘ L .
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Y

- decrease or increase. As the filament heats or cools, its

sresistance changes. Therefore, the rated voltage' and current
“{falues prov1de a given br1111ance only when the lamp is oper-
ated as suggested by the manufacturer. Higher. voltaoes cause

-

more current to flow, thus’ reduc1ng lamp life. a oo

. o«

*

Lamps are also 1dent1f1ed by their connectlng base
Base tYpe is determined by phy51ca1 nequlrements*and size
limitations, as well as vibration parameters. Base types in-
clude the threaded base, the,twist lock base the Snap in o
base, and the wire lead base. The most common baSes are the
threaded and the twist lock styles. Flgure 1 shows examples
of each. 'Figures la,, 1b, and lc all requlre lamp sockets or
" _holders, whereas. Floure 1d solders 1nto the circuit.

| ILAMENT

¥,
VACUUM

e
. - CONNECHNG
: WIRES

SOLDERED
TO CKT.

PUSH ‘IN
. AND TURN ¢

N N

a. Threaded Base b Twist Lock Base c. Sngpv-ln Base d. Wire’ Lead Base
“ . i Figure 1. Lamp Styles.’

»

. .

~ Bulb ratings are not always—stamped on the device. “A

ijanufacturer's identification-number is usuaily provided some-
where on either the glass or metal 'part of the .lamp. To de- -
termine the lamp rat1ngs, manufacture data must be referenced

e

- 1 While vibration is: not usually ‘a major case of premafﬁge .
fa lure; frequently turnlng the lamp on ‘and off is. If .an '

v

ap 11cat10n requ1res contlnued or frequent ON-OFF states, neon
OJ‘LED Tamps are suggested *0f course, voltage and current
~redu1rvm9nts mﬁst bé met whichever lamp is used. ’

.\ ”
. t"s. . LN - +

v e
M- '(-2‘
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NEON LAMPS

- a . .
~
» N <

¢ . ~

** RathéT 'than-.a filament,-a neen lamp-ha§'tw0velectrodes - PO
\\\zlaced parallel 1nagde the lamp. _ During magufacturing, the .
: acuum inside the gla§s s f1l&ed with neon,gas _When a suf-

N

ficient difference is appl1ed tq its electrodes, the neon gas. -
2%
: ionizes and’ glows._ F1gure 2, ihows the structure of the Theon

. device. k. o of § .
| N
\’ ) . .

IONIZED "GAS

o
. ELECTRODES <« =7,

k4 2 ~ -
A ‘ *

SEALED GLASS
, S

«

:ﬁ .. ‘ . oo - s - :: Ea
Figure 2. Structure.of the Neon Device, . ) /

s Y . - " N

-

A}l neon lamps have-a voltage at, vhich they will ionizewf' :
Des1gn dic¢tates ‘what the- voltage will be: for 1on121nc 'Figﬁre‘ E ,u94
: '3 shows the firing and cutt1nc off relat1onships for this de-

&

vice. .- <L ; . . -
tice that it takes a hlghg;’woltage ‘to fire the lamp -

than to tygn it off. G#s has a tendency to.remain ionized
until voltage 1is' red suff1c1ently to turn 1\t off. ' to
It 1is impossi- to remove all oxygen -from the glass en- . '
closure when. the neon is manufactured When the neon gas 1onf. .-
izes, it burns at’ a very: slow rate HoweV%r, eve ual fail- |
ure is: 1nev1table This further advocates’ operating ‘the néon ) o
. with only enouch voltace to cause it to f1re. H1gher voltage R
. . increases brllllance — but also produceS/hotter burnlng. o E .
R While a neon lamp produces a brighter 'light with higher volt- '
age, ft fs not recommeﬁded‘rfeven for a short period of tfhe. e

N * . ' i . . \
K . » -

. n'”jéj ) : : ' ’ .- ED:OS/Page 5




LAMP CUTS OFF

!
[. 'LAG o

VOLTAGE

) /7 |

i

.

LAMPOREMMNS

_—
P

LAMP
OFF

|
I
1

I
|
1

. Figure 3. ON-OFF Characteristics.,

-
0 .
.

]

c o Because the firing voltage 1is Io“, most neons are con-.
. nected 1nba series with & .resistor. The resistor allows only
the .proper voltage td be applied to the lamp. Without. thls
‘r€§istor immediate permanent damage may occur. Thereforé
each” lamp used should comply with this requirement.
Most neon lamps are stamped with a manufacturer'§-par€
"~numbép. If the firgng Vo;fage must be known, manufacturer's.
data must be referenced to determine this value.

. 4

LIGHE-EMITTINﬁ .DIQDES (LEps)
,- . R - ‘
LEDs are small inexpensive, low-voltage lamps with a
“Zong operaulno life. ‘Recent technolocy has made use of this
" device in ;he d101ta1 dnd computer wqud LEDs firing volt- -
age 1s ;yp ically lower thdn that of néon lamps. Uiéht output

'is about the same. -
183 -

.

..
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While incandescent and neon lamps can vafy in light out-
put; neither is a&ceptable in the digitai computer, because
response time to changing input voltages is slow. ' \

- Howevq? with the development of the solid- state durable
LED, the problem was solved: LEDs respond 50 fast they can
be used to transfer rapidly-changing 1nformatlon to a re-
ceivfﬁgﬁﬁevice'with little or no distortion. |
.. The light-emitting diode is, like solid-state diodes, a
P-N junction diode. When a forward bias voltage of the right
value i% applied, holes are forced to combine-with available
electrons. }his combining action produces energy called a

photon. The human eye detects the light energy product pro-

duced as a result of .recombining. N ”\\‘7?
Different colors of light may be produced. However,

- once a diode is manufactured, the device will have 6nly one

' color. Thus if red is requireé,

. ' : a red LED must be purchased.

~WIRE available. The color is deter-

LED .CHIP —_ m1ned by the material used to

manufacture it. Figure 4 ‘shoys =&

.
PLASTIC

A O~ the structure of 2~LED.

While these devices have
o many advantages, they can be

ddﬁaged permanently by applying'

: too much voltage or cuqfent
N ANODE &
©  LEAD  Most'operate be en 1.2 volts

o " and 1.6 vo¥fs. Once the device
. 'CATHODE e ' , oJ
. . condu€ts, the resistance of the

i : v junction remains essentially con-

. - stant®and very low _However, the
‘ Figure 4. LEDY
Construction. '
) hd P roe . ‘ ";?‘ ' ’ l» . * . . ,

~ ~ ED-0%/Page 7
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fo;ward current 1ncreases as

.
-
)

- Green and yellow LEDs are also ~




&

a
-
kS

. L Voo _
applied voltage is increased. Flcure 5 shows the relatlonshlp
between Vgltage and current of the LED. Flgure S shows how

current‘£§owhthrough the device chancés W1th.a small varia-
tion in fqrward Voltawe , LN %
St ’ | SO o
%-* ¢ ' o
Gp
4
3 30 !
i * . 85 . ~ -
K \ <§ 20 “
g2
I3 N «
e 10 = -
~ : o b— . %
0.4 08 12 18 20
/ ‘ . "7 FORWARD VOLTAGE /A
p ‘ (VOLTS)
ﬂ . . . :
: 7 . Figure 5. Voltage-Current Relationship.
\>é ff’d changing brightness is required, input voltage is
ried. The forward current is.changed from zero m1111amperes-
to about 50 m1111amperes This current chance causes a linear
« chance in output brightness (if measured with.a light-sensi-
ti&e meter, not the human eye).- Figure 6 shows the output
from a changing current. ' . . 'i . . s
‘ N N ‘ v . . )
o - e S~ \
a4 , : . '
s . ’ P ‘h’(:
] - . . >~ b ‘”"é
~ . ] ‘.‘ R .\‘x” . ;.-‘
, y Wy e
- . Page $/ED-0%, ‘ L ‘ i




RELATIVE RADIANT

100
90

o

70
60

50

40

—

30

'/ \

POWER OUTPUT (%)

20

10

10—=
2%

20 40
=Y 49

Figure an\3$ght OQutput-Versus -
. Forw Current.

LED USES

FORWARD CURRENT

{MILLIAMPERES)

-

. L]
o

LEDs can.be used as indicators or transmitting devices.
Almost all uses require plac{ng a resistor in a series with

the LED. This is because the forward operating current must

be limited to a safe value in order to’ pre¥ent damage. ' Fig-
ure 7 shows how this done. . " !
. . .
.+ . PRgerles A
- - N - VOLTAGE
B ) o, CURRENT
. . SQURCE
\ ) (E source)

g e 1 forward .
SYMBOL /. . :

FOR )
LED - -
{ _ FRegure 7. BLED Circuit, . )
. Z
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// s

@

The value of R. can be determined by the following

series
formula: N
- ® ,

A . E - 1.6

: e - sﬁurc;&v N ? &
' ' serlef Iforward(max) ' -

) |
_SV-1.6 _ *
Rseries - —0.050 - 08 ohms

%

LEDs may be used individually as an ON-OFF device or

as segmented display.
, N

oy
ON-OFF LED .

A

One ex#mple of an ON-OFF LED is a flashing trouble indiy "
cator. In this case, the output lignht is a pre%ixed_ON-OFF

1condition flashing at a preset ratey While the.light output
. 1s not considered bright, there is' sufficient output so that

the device can be useéd in a dimly 1lit envigonment.
\ ~

'
{ T«

SEGMENT DISPLAY LEDS | v - .
Multiple sihg}e LEDs. may be combined to form specific
shapes such as"numbers .or letters. Figure 8 5hoWs‘aﬁ example
of a segment display capable of disblayiﬂg 0, 1, 2, 3 4, 5,
6, 7, 8, or.9 and_some 1etter§ such as eapital A, C, small b
and d. ' : K N

A

. - | T A
Page 10/ED-05 . 87 .. ..
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¢ EEJ SEGMENTS - : '
. f[]

T
(i o] / Y

G

N

c
~ DP=DECIMAL POINT °

:..l'_"l

.[]g-

¢ DP

Figure 8. 0-9 Display.

¥

Each segment may be turned ON or OFF éé“?équiréd to form -

-

v . . . .
the désired number or letter. This display has 8 LEDs with

a rec¢tangular’ shape, and the decimal point, which is usually

"round. If the letter 8, for example, iS'required.to be 1lit,

ther all segments (with or without the decimal point) would
be lit. ‘ ) .
Electrlcally, there are two types of 7- segment LED dis-
plays, as shown in Figure 9 The d1fference 1s in how the o,
LED dlspF%y is connected to the power source. ,x
Figure 9a shows ground placed on the leads of the seg-
ments that must_.turn on. In number 7, a, b,.and e leads must

Figure 9b indicates that +5 volts is appllsd to ‘the
proper lead to turn on a segment.
. IT IS IHPORTAVT TO NOTE, HOWEVER, "THAT A RESISTOR MUST
BE PLACED IN SERIES WITH THE LEADS FOR EITHER THE COMMON o
CATHODE OR COMMON ANODE DISPLAY TO LIMIT CURRENT THROUGH THE -
LEDs. While +5 volts was chosen, any voltage W1th1n‘r§ason : 3

could be used.— providing the right.value series resistor RN
, . : & ey (
n E e, e '®
was used. ‘ . PO
- - " ( ’ K¥S \\';'m Lo
{ ' in’i'(i” ~ :
\ G,
i o <>
e - . /
, o ED-05/Page-11
. L
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be grounded (Refer to Figure 8 for segment p051tlon ) .




| . ‘ ' (vee) .
K i} +5V ‘ :
‘.

. L . . ¢
Yt R
) . | ’ T ’

oP ' ® ) re/' o

0 -

' a. Common Afxode

; / - SEGMENT INPUT LEADS — )

e .t . 0-=]

jzto O
R Vv vl v vl v |

O
O
0
O.
(Q_n

1
N

gnd

b. Common Cathode " ‘.

' - Figure 9. - Two Types of 7-Segment
B : . : LEMDisplays. ] ‘
\ . - - - - . ‘

] caguxba used with a ]’ht redelvmg dev1ce,
‘such as\, ‘ istor, %\o%‘rcreate ansoptical goupler. When
one: ON OFF c?ﬁ(;:urt.must ‘be el’éctrLg,a’l %(jsolated fyom another,

ﬂ.‘«lf .-

w’thls approach -satisfies the reqﬁlrefﬁ'ent — while sthill pro- .

.. '3.vz‘V1‘deancr a- tran;m:.ssmn o’f\Te ON- OFF’ stated from one stage to, \
AR A ‘
\,,-,s,‘{;‘.' S lthe next. Figure 10 shm»;s ‘the opt1ca1 'coupler. The trans-
vnu"g"“.- 4 . \?'\
?3\5'{_ ? ,mlt‘tlng 'ClI'CUlt is on the left the ’ rece1v1ng c1rcu1t is on - '
' [ right. Ty o .
/ PR B -~

-

> ¢ 4 b
L 4 N
. 3 "
. v " ‘ Coess . B hA




Rs - n ¢ PEN
VA~ LOAD
+ s
—_ LED _
o & . |
Y . N . ) Y - J
TRANSMITTER SEALED TUBE RECEIVER N
A - o *
LED : * PHOTO - .
- SYMBOL . TRANSISTOR SYMBOL 5. L
— . - ‘ ) ’ - ’ -
s : Figure 10. Optical Coupler. _ .

c————e - . N

Either the LED and phototransistor are physically scaled
in opposlte ends of a short tubular structure or they are
' Jclose together so the ambient light will not 1nterfere with

the operation of the coqplef S . . \ )
When the LED is ON, light rays'are transmltted to the
phototransistor, causing the phototranslstors' reslstance to
decrease 'to a lowﬁyalue.u On the top of the. phototran51stor
is a window al{égnngwthese laght rays tb reach the intetnal
B active. el ” ssumlng the phototran51stor acts as a. SWltChp
. ‘. current %@ 1n the receiver c1rcu;t load, thus turnﬂng
R ON when@ﬁheV '

llght Tays, shlne on the phbtotrans stor _sur-

iﬁ»

f%é%ﬁj g@: Bﬁ; electrlcal conneCt;on eX1sts between the transmltter '
%gzgfg and recelvg;*zyet the ON OFF conditions are transferred This-
s C1rcu1t is: often ;mplementeﬂ where‘hlgh Voltages ex1st 1n one

v
P CerUIt and low vOltages exist in another in order to provide

L 1so}at10n between the two.‘ This c1rcu1t is also, used when

R o .o <
oy - N . t L4

|

~. f;.. wa . ) ’ . ) N .
PN BN . . 1 90 v v N Y
N ., J o - ' . L™

. N “ - . . .

: . C . . o ? v . , .
% .o . - N LA
A JEOENNN , N . . B
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. ) . i .
i electrical noise exists in a preced1ng circuit. However,

this c1rcu1t cannot be used asa noise isolator while trans-
ferr1ng the ON- or OFF conddt1on."‘ /ﬁ

. . N /

,
. . T , ;
s . Lot / )

< ) ’ . LIQUID CRYSTAL DISPLAYS (LCDs) /

&

s ! ) V N . s
‘Méch like LED displays, LCDs are’ designed in‘se&en
‘segments with a decimal point. The mafof’bdvanta & .f~LCDs.

as compared to LEDs is that they consume much., le74: ower, °

) typ1cally in the form of m1crowatts. . ,/ Lﬁggy:f
L . The construction of these devices is cons1deraﬁlx d1f-
- . ferent from.the 'LEDs. - LCD stands for liquid -’ crysfal display.
o ; .This deviee is. Iike a ldiquid crystal materlal that -flows muck ;
. a llke a llqu1d but also possesses.the prop rties of a solid.
" An LCD depends on an internal or etternal light sourcel.
. for viewing purposes_ Most often, a reflect1v sur.face is
placed'behind the crystal to reflect light (reflectiVe type)
back towards the viewer through the digit d1splayed (llke a
mirror action). ,

s

For imstance, if the device, is to dlsplay ‘the ‘digit 8

term1nals, 2 through 8 would be enev61zed ‘causing” a frosting

. appearance only in those areas of 2 through 8 secments -Fig-

ure 11 descrdbes this -action.

; A positive voltage would be. appl1ed to Ptns 2 throogh 8 .
. _and the negatlve s1de to thé lower oxide layer. Only those

segments w1th voltage appl1ed W1ll frost _Other’ areas will

®
-

. remain clear. ~ . ) )
o LCDs operate at low voltages Larger displays may re-

» quire as much as 15-20"volts,-with small watch displays as

ol

—1low as*-1-2 volts.Q These dev1ces are rugged but have operating

Ky
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~ - o Figure llr,/aeflective LCD. L -

a & / '
. N\ * . .
A —
‘ t T . g
’ \ ' 2
*. o . $oa .
) .
bk . i . ,
p =
g '
A — FROSTING '

LIGHT SOURCE
{INCIDENT LIGHT)

TR

LAYER OF GLASS o N

OXIDE LAYER

0- (NEGATIVE. 5 .
" VOLTAGE) , )
REFLECTOR"

- . <

. -
'

.
L4

. . o

~ *
" temperdture limitatioﬁs from around 0°C to 60°C. However,‘ : @
the, operating life 15 at least 15, 000 hours or greater Pyith . T
current ,requitemen 1no muth lower; than LEDs,g . a T

Transmissive. LCDs" ‘so avallable but w111 not be . )

discussed in this ;rlozlule. The.maJor d1fferenc~e between trans- . \"
mlsslve and prev1ously dlscussed reflective LEDS is that the- < >
former ﬁas no m1rrof- or reflective surface. The 11,ght~_souree

must be pl@ced on the back of the device -and shine throug.h A ‘ _
:the LCD toward: the v1ewer, .as shown in Figure 2. . C

I 70

Greater depth«of study on LED ‘and LCD devices is beyond Sy
the\ scope’ of, thms course. N . : ‘

- -~

o

. N
o M

. s
LEDs and “CDs are deslgned to produc 11g‘ht o}lyp AN 4 -

3 N,
. A

Whlle ali llght sources produce h\eat gs, by product these . e o
dev1ces do not prOV1de any signifificant heat They g,re, there-

.

L) ; x _‘6‘
‘fore, uséful in .and around low heat appllc:atmns. ] o T \-‘
o c . / -
“ c . ot \ "l 7 . . ;
.. N - o ’ R i . i N Pl ) w
. ’1‘ . . ) . .~ 0~ t . . - < . - A _— “ 4 ‘e . \‘0 L.
e e e s B T ) ‘< ' '
e . . ; . . e R o e . \' o ED OS/Ifage 15 ._‘7 " "‘ ¥
e z, A > ; e ot ' ",
i \‘o ,$ 3 —- 4 e . :
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N LIGHT
. . - SOURCE -
) 3 N \‘;Figure 12. Light Source Placed on Back,
.. ~Shining Through LCD Toward Viewer.
. ' ) ‘ :
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: ' 'EXERCISES

State the advantages of neon lamps.over incandescent
lamps- _ T y

State the advantages of LED 1nd1cators overtlncandescent

A

and neon lamps. ,
State the main disadvantage of LED indicators over inl‘
candescent. lamps. ‘ '
Describe how a LED dlsplay can be made from 1nd1v1dua1
LED indicators. ’ '

[}

Name the chief advantage of LCD displéys over LED dis- '

plays. :
Name the chief dlsadvantage of LCD dlsplays over LED .

¢

displays.

‘e . . '
.

-’

-

. ED-05/Page 17
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-LABORATORY MATERIALS

D.C. voltmeter with leads.

‘f red LED. ] '

1 1000-0km 1/2 watt 5% resistor.

1 1000-ohm 4/2 watt poténtiometer.
1 20-V d.c. powér supply € 200- mA.

A
r

“LABORATORY PROCEDURES

In this experiment, the student will observe the bpera-
tion ,of.a red LED, observing current, voltage, and series
resistor requirements. :

1. Build the circuit shown ia Figure 13, being careful to
*properlnybnneét the LED cathode and anodé. .

15V0C

@

Figure 13.: LED Circuit.

With power OFF, turn the potentiometer R; fully counter-
clockwise. - : -

Turn power supply ON and adjust so that about 15 volts
is read acroés Ry (from Pin 3 to Pin 1 of Ry).

* '

.

L4

. Page 18/ED-05
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4. Adjust potentiometer slowly clockwise watching LED for
brilliance. Turn potentiometer until LED lights. (Once
set, do not adjust.) Measure and record voltagé across

—_ LED and resistor R2). , ' ,
5. Using the proper ohms law formula, calculate the current \\
through R (measuring R, with an ohmmeter is adyisagle). ¢
‘6. Adjust R, potentiometer to the following steps and record

g the current through R. for each step. Place the answers
s in Table,l. The answers for cur}ent will reflect the
following steps mentioned above, as shown in Table 1
below. - : - '

.

TABLE 1 - LED - Current - Voltage Measurements,

R: or LED Current (milliamperes)

" LED Voltage Drop o.2v]oiav]|osv]izy}|ev] zov
o % -'_ : : .‘ 3 . .
7.- Plot the results of Table 1 on the graph in the Data :
Table. , . .
. , - .
" : \ N > ’
¢
y .
. . ,
£ j ? . .
— \ - - [:
¢ '." *
. s (- ‘.
] > ) .
. . ] ¢ .
A ..* v ' ED-05/Page 19 -.
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. DATA TABLE
‘ DATA TABLE . -
- . ‘ < /
12 ,
11 ,
10
y 9
I N 8 -~ -
L
C L 7 '
U L 6 :
L R I- :
E R A :
D E M 1
NP X ‘ K
T E .
S R 2: ,
) E
< 1
0
0.4 V 0.8V 1.2V 1.6V 2.0V 2.4V
»
Y J
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N
3

- . \ -
- : TEST . o
o~
1. By what three factors are ihcandescent lamps rated?
a. - N ¢ - ' [ . i .
b’ - . , ,
c.

Resistors must be placed in series with-a neon lamp to..]
a. reduce the voltage applied to the lamp. * '
b. reduce the current applied to the lamp.

c. Both a and b.

d. Neither a or b.

Resistors m\st be placed in series with a LED Indicator
to..

o

'a.f~reduqe the voltage applied to the lamp.

b. reduce the qurfeni applied to the lamp.

'c.. Both a and b

d. Neither a or- b .
When the anode of an LED is common to- all other LEDS

" in an fg@ display, the voltage applied to the cathodes

must be...
a. more positive.

b. more negative. :

c. equal?

'di None .of the above.’

Reflectlve LCDs require an 1ngggnal light sourcé. —

a. *True. ) T )

b. .Fqléé. '

Transmisgive LCDs require &n external light source. |
a. True. '
" b. Falée:

L Tg

- ~

ED-05/Page- 21 .
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. o N : .
7. The major drawback of L displays is that ... .
a. they require high voltages -for operation. ; *
b. they are ext?eme;y fragile. T ‘
c. tﬁey have tempe;atuﬁe limitations.
d. None of the above.
.~ 8. The optical coupler.is used to...
assure electrical coupling only between stages.
reduce output voltage and current.

a
b

» c. _isolate one circuit electrically from the other.
d

Y None of the above. o «
_ .
L}
¢
.
1] - - » 4 -
*
hY -— .
: . ) . i ‘
J“ ”
. 2
‘K - »
- ¢ I
Y X
- . v
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INTRODUCTION

»

-

This moduleg will introduce basic stages and devicés that
- ! ¢
make up the majority of digital circuitry. The devices’

operation theory is discussed, but electron theory is deleted.

. An ﬁnderstanding ofsstage operation is-imperative~to appre-
ciating the function of such devices. Particular attention
ghoﬁld be given to mathematical operation.

_ . " PREREQUISITES

ThHe student should have completed one year of .algebra
and should also be familiar with the concepts of -direct
current and alternating current electronics.

l.Upon completion of this‘modgle) the studentxshould
be. able to: N '
1. Discuss how AND gates operate.
2 .Discuss how OR- gates operate.
3 Dlsquss how Anverters operate.
4. Compare NAND and NOR gates®to AND and OR gates.
5 Read truth tables for AND OR, inverter, NAND, and
NOR. gates ,
DLscgss latch flip-flop operation.
Discuss D flip-flop operation.
Discuss JK flip-flop operation.
Read truth tables for ' latch, D, and JK flip-rop§.

w0 W NN O

«
hadd L3

* ~
. . .
\ . ’
» . . .
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S : .. SUBJECT MATTER

' .
v - . >

- _ DIGITAL TECHNIQUES K ~ - e,
. ' a . . "y ..
. Modules ED-01 — ED-06 of Electronic Devices and.Syskgms, .

have dealt priharily with analog elec%roniq theory. Analog

’refers toelectronic circuits that have a continuous signal.

Figure 1 demonstrates this kind of signal. Amr ‘analog signal ~
* changes its value gradually at varying rates, but does not

. . . Q\b -
change instdntaneously from. one value to anothgr. '

’

.- SINGULAR
___ SINE WAVE

MORE COMPLEX WAVE

f
/

’ Figure 1. Analog Signals. ) )

An example of an 1nstantaneously changlng 51gna1 is ﬁ'
shown in Figure 2. This 51gna1 type 1s usually called d1g1ta1
Flgure 2 shows, the 51gna1 changlng 1nstant1y from one valde
to another. Ipe signal is in one of two' states, low or

.

R
]

high% As long as these two values maintain the same individ-
ual levels and have the.same relationship in value to. each
other, this is callfd\a bistate signal, The term ”blnhry"'
~is also used to represent a bistate signal. This term,
derivgd:from the "bi" of bistate, infers two signal gfates. ’

- L ‘ fD—06/Page 3




[

i
Fiénfeszq ‘Instantaneous Changé gnigital).

Digital signals are a string of HIGH-LOW voltage values
that change in.discrete steps. Usually the HIGH-LOW voltage ST
levels are pre-chosen values establlshed by design and re-
main these values throughout a given piece of equipment.
Any e}ectronlc equipmént contamlno purely dloLtal values.‘
is digital or pulse equlpment The d1°1tal signal will
be discusse'd throughout this module and will be called a
digital or binary ‘signal. .N 2 -

Most rcontemporary d101ta1 equlpment - 1nclud1nd com-
' puters — uses dloltal signals. A basic understandlno of
. thaqdevlces used\in such equlpment*(and the purpose of each

device) -is importayt to unerstanding d101ta1 electronlcs

- « -

PRIMARY BINARY LOGIC DEVICES

’

. Each\itaoe J;thln a d1g1ta1 system mus% be gble to
raccept and pass a’ bistate 51°nal The transistor -is the
primary dev1ce—used for. thls functlon ' .
In analog)c1rcu1ts, a tran51stor-operates as OFF, LOW
conduction, MEDIUM conduction, or HIGH conduction. A d1g1tal
circuit only ?equlres an OFF or ON state. This simplifies

-

-
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the circuit requi}ed in digital equipment. - A digital stagé‘
acts like'a light switch, capable of being either OFF or ON.

——

. ¥ BASIC LOGIC FUNCTIONS

Digital electronic equipment circuits perform only
one or two general functions; --decision-making or‘memory.
Both accept digital or binary iﬁputs and, produce digital
or-binary outputs. -

- ~

DECISION-MAKING . .

PN

[}

Decision-making circuits?make decisions baséd on two

or more inputs. The electronic device used for decision-
‘making is called a gate. A gate is a device that has “two

or more input leads. The gate receives,one digital signal
on each ‘lead, and usually has one output lead that. produces
an output signal resulting from the states of the ihputs.

\

Figure 3 shows- the basic gate symbol with 1nput and output

leads. "% . * T
» . ‘
\ —_— -
INPUTS v GATE : = OUTPUTS
B — e
' +
. i N ' -

" Figure 3. Block Diagram, Gate Symbol.s

a

j ; ' . ED-06/Page 5
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This symbol represents any decision-making stage. Gatgs
) always have two or more inputs.
- Two basic decfsion-ma ing #ircuits have been developed
' "t to berform decision tasks.k\Thggg,aré the AND and OR gates. -

k 4

-’

AND Gate ‘ o o

'

- All inputs ﬁq the AND gate,mﬁst be -the samé to produce
an output. Positive logic will be used to demonstrate AND
gate operation. In positive logic, input can be.HIGH-of
LOW. HIGH input is stated as logic 1. LOW input is stated

_ as logic 0. Actually, fhese two states are voltages placed

. on ehéh'ippht that represent the desired state.i Five volts
) and zero volts are most éommon, and will be used to déékribé
- AND‘gété operation. Figure 4 shows, the proper circuit dia-

e

-«

. gram symbol and demonstrates AND gate logical operatiort.

~

a
& »

B ———

¢ ‘r 3 QUTPUT C ta

Figure 4. AND Gate.

,Fd? the AND gate to mave a HIGH‘(or logic 1) outpﬁt,
both .inputs A and B must also have a HIGH (or logic 1) out-.
put. Thi; means th%;,'if S Vqlfs;repgpsgnt HiGH.(or logic

1), inputs A — as well as B — must have 5 volts applied.
All other combinatfions possible for inputs A and B .will .

-

’

not result in a HIGH (or logic 1) output.

3
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The input conditi®ns and output results are summarized
. . on a chart called the truth table, which gives all input
Fig-

conditions and lists what will result dt the outputs.,

ure 5 shows a truth table

’

. , - o

) INPUTS - OUTPUT /

A~'B C '90-
o 0_(LOW)
‘« Lo |.1 0 (LOW) ,
. RIENE 0 (LOW) 0 = LOW

1 = _ 1 (HIGHY}_ __ 1 = HIGH

“ . " Figure 5. Truth Table.

LY -

This table shows that output is HIGH only when input
' is HIGH.  Even when one input is,HIGH, the output is still

LOw.

*

» INPUTS . OUTPUT
a LA |B S C
. ov.| ov LoV
ov | sv L0V
\ e . OV
N ° sv | sV L5V

.

When both inputs .are LOW, the output is LOW.
table can also be writter with the inputs and output shdwn
as qolthges. Figure 6 illustrates how this is done.

- Figure 6. 'Voltage Truth Table (AND Gate).

A tryth

-Again, this table shows that both inputi/must be HIGH
Output is S-~volts when both

for a HIGH output to occur.

inputs are 5 volts. Al} other .input!conditions will result
‘ v

in 0 volts at output.

v

-

\

206,

\
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) AND gates are manufactured with different numbers of

inputs. Two-input,
gafes‘are common.

used

4-input, 6—dnput,

and 8-%nput AND

. . . o .
Circuit design determines how many are

Because AND gates are. sealed 1n an opaque plastic case,

1t is not practical to look at the actual circuitry used

Nto "create the AND functlon

The manufactured case has as

*many as four separate AND gates enclosed. Leads for the

inputs and outputs are brought out of the case — as "well

" as- the connectlons to which operatlng voltages are applied.

Figure 7 shows a four, or quad, AND gate chip package.

NOTCH

. Figure 7.

\

,—:>

+5v

' JOP VIEW

Pin Connectionf for 7400 IC.

The 5 volts connected to pin 14 are applled to operate

+ transistors inside thé gdtes — the 5"volts are not applied

to the fnputs for a HIGH cond1t10n.

Likewise, the ground

applied to pin 7 is necessary for Operation of gate ‘tran-

sistors. .The ground is not to be construed as the 0 volts
needed for the input LOW condition.

Page 8/ED-06
™N
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A modification of the AND gate is the NAND gate. The
AND gate is converted to NAND gate by changing the output N

‘to the opposite state. This is achieved by placing an in-

verter on the output of the AND gate. An inverter is a
sealed plastic case transistor stage that will change a
HIGH (or 5 volts) to a LOW (or 0 volts), or YVice versa.’

Figure 8 shows the inverter symbol.

4

5V IN 0 VOLTS OUT

Figure 8. Inverter symbol.

Figure 8 clearly shows the transition from a HIGH
input to a LOW output. Inverters do not make decisions.
Inverters simply convert imput to the opposite output.

. The NAND gate symbol with inputs and outputs is shown
in Figure 9.1 Figure ‘95 shows an expanded view that includes
the inverter. ) i *, .

AND gate and NAND gate truth tables are-similar. Fig- \
ure 10a shows the truth table for an AND gate wifiﬂinv i :
The output of the AND gate is the input of the inverter;
the inverter ou;put_is the final o@tput of the NAND gate.
Thefefore, the truth tables of both may be combined, as
shown in Figure 10b, because the NAND gate is a negative

\

<

output AND gate. Also, NAND,géte output is always opposite ' .

AND gate output, becluse of the action of the inverter attached

~ to the AND gate output.

“ ED-06/Page 9
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GJAND Gate Symbol

INPUTS -

A —>)
B—l\——-» .

.
o

INVERTER SYMBOL

OUTPUT -

NAND GATE SYMBOL . .
b. Expanded View T '
iwputs g \ 5
B‘ ——)J .
AND INVERTER
. Figure 9. NAND Gate Symbol Expanded..
: R -
* AND Gate - Inverter
Truth Table , Truth Table -
| Input. { Output Inpﬁt Out;ut
\ A | B C 1
o 0 {0 0 > 0 1 T
0 1 0 > 0 1
1 0 0 > (0 - 1
111 <1 > 1 0
a .Truth Table for AND Gate, withiinverter . \
. NAND Gate ’
' Inverter Inverter
A B Input Output
b .Combined -0 0 0 1 '
Truth Table 0 1 0 1
1 0 I 0 1
1 1 1 0 >

‘

Figure 10. NAND Gate Truth Table.

.y " .
-
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OR Gate

Somewhat .similar to an AND gate is the OR gate. OR
gates also have multiple inputs and a single output.- Like
AND gates, OR gates are en;apsulated an plastie chips, with
up to.four gates in each chip. The major dlfference be -,
tween the two types of gates is in the 10g1C operatlons
they perform.

A’ truth table can best describe the OR gate. Figure
11 shows the OR gate symbol and the correSpondlng truth

table. .
A
INPUTS - . OUTPUT"
) B )
A
5 0 {0 0 ) -
0 |1 1 ,
1 {0 1
1
' 1|t 1

Figure: 11. OR Gate Symbol and Truth Table.

\\ ~ L . . \\'\ . . i
- . - / .

When either OR, gate input is HIGH, output is .HIGHy} '

It doq; not matter which ' 1nput is HIGH, the result is a

HIGH output. As in the AND gate, OR gate output will be “

LOW when bath inputs are LOW — and HIGH when both inputs

are HIGH
f; By placing an inverter at the output of the Og\gate,‘
a negative output OR gate is created. Figure 12 describes .

£

ED-06/Page 11
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this newly-created gate, called a NOR gate.

-~

a.NOR Gate Symbo! -

INPUTS

b.NOR Gate Symbol Expanded

INPUTS

QUTPUT

INVERTER
SYMBOL

» QUTPUT

. OR INVERTER
:__ > /

QR Gate  Inverter ° Combined Trutﬁ Table

s, —_ o . Inverter | Inverter
Al B C Input jOutput A|B Input Output
olo]o —}> 0 1 0]o 0 1
0 '} 1 > 1 0 011 1 0

4 1.4 0 1+ > ] 0 110 1 0
11111 31> 1 0 1j1]° 1 0

Figure 12. WNOR Gate Symbol and Truth Table.

The output of the OR gate is the

/

input of the inverter;

the inverter output is inverted, compared to its ihput.

All NOR gate outputs are opposite ‘from OR gate outputs.

.~

¢ ¢

‘o 217
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GATE APPLICATION

[N

When gates are combined, the resulting circuits can
perform a variety of logic operations. One use of such
gates is shown in Figure 13.

i

SWITCHES

Q

OUTRUT
TO ALARM

R
-

B
L________ﬁ,f

DOOR SWITCHES

3 o
Figure 13.. Burglar Alarm. )

When switches are closed, ‘output from the AND‘gates T

is binary 1. When NAND gate output remains LOW (0), n ‘
alarm will sound. " If any door or W1ndow is open, one of
the NAND gate inputs will be LOW. This causes the NAND
gate output to be:HIGH, whlch sounds the alarm. Other ap-
pllcatlons will, be discussed in Module ED-08, "Digital
Systems." (” y ' ~

\ . . .
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-+ MEMORY
All gaté operations‘discusséﬂ so far dn this module

have been decision-making operatlons Gates‘can also be

used ‘to store binary conditions or data.", Such circuits

are called fllp-flops and regisgters. Fllp-flOps are biﬁ;}y-

storing, memory-retaining circuits that incorporate several -

gifgi to perform jsuch a task. Registers are multiple flip-'

flops used to store more than oneopiece‘oé binary informa-

tion, Each flip-flop stores'’and retainS one piece of binary

data as one of several £lip-flops. *The ﬁet,%esult from

multiple flip-flops is a binary word of sometéize.* A binary

word is several bits of binary information.

Most memory stages are made up of one of three differ-
ent types of flip flopé' the la%ch flip-flop, .the D flip-
* cflop, and tHe JK flip- flop:™ Each of these’dev1ces~w1ll

be explqlned in their order of d1ff1cu1ty. A group of flip-
flops of given;types can be arranged to create more complex
circuits. These c;rpuitsiwiil be discussed in Modulé ED-08,
”QigitaIQSystems¢” Lo e

L J
he Latgh‘Flip-Flop .
' The latch fI1p flop is often called an RS flip-flop.
Jt is a memory dev1ce w1th two 1nputs and two outputs. The.
term "flip-fdop" implies a two-State device. A latch flip-
flop is.a two-state device with two‘inputs and two outputs.
The 51gnals placed.on the 1nputs'cause ‘the f11p flop to '
' do aone of two things.
”1.' Change the outputs to-the opposite state
\2: Make no change of the output. ’

<

- h ﬁ
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- Therefore, operation-of-the latch- depends~upen dinput.. — —

Flgure 14 111ustrafes the latch u51ng 2« NAND gates
to'make the flip- flop;

signals.

Flgure 15 1L;ustrates operation’

of the latch. ) Y . .
: g . & ;
/s ) -
—— . ——— — —— s &t .
r ~1°  NORMAL ‘
s A GUTPUT N .
l'* Py
- Q )
| - — s Qb—-—>
opaQue ! . '
pAsSTIC | s ‘ _ ;
. . SEALED | > e R | I
CASE : )
- }\\J .o
) | 5} ¢ 7 DIAGRAM -
R i .| COMPLEMENT : ‘
— . _ __ 3. outpur
- y .
a. Actual Circuit ; b. Symbol
Figure 14. Lafch Flip-Flop.
A ‘;A 3 ) _
» N \ hd ‘
- , . ' : )
0 —>{ S(SET) Q pb——m-1 ] ———>» 8 Q 7ﬂ————9l0
- 4
3 . . - .- .
v . D :'.s. . . \ v
- . > : —1
. 4 ——>{ R(RESET) Q p——> 0 0o — >R Lo

* & Settina Flip-tlop '

¥ b, Resetting Flip-flop
- - -

Operation of the Latch Flip-Flop.

- ) ) i . ' s ,k ) .

, Whén.applyiqg input signals, it is necesary to be cer-
’ tain that the S and R inputs have opposite states. The: . .

application of inputs.will then either set or reset the °~

" Figure 15:

N .
. <

. ‘a
K] - . ‘ -
L] . k4
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"“"_——_*'"‘fiip“ftopjmdepending—upon—fnput'states—‘7§¢gures 15a—and—15b
“show that the lead receiving a binary 04 or LOW, will cause
the output Q to become what that lead- represents For ex-

" \@mple,r if a 0 1is- ‘applied to the S (or set) 1ead the output

"/ Q will become set-(or binary.1). Conversely, when a 0 is
applied ,to the R (or reset) lead the output Q becomes 2
reset (or b1nary 0). The Q output is pronounced "not Q" ‘

*~or "Q not," which indicates it is always opposite the Q
output. The ‘Q output, then, is the complement of the Q
output. Figure 16 shows legal input combinations and out-
put results summarlzed in a truth table - The truth table

_summarizes input cond1t10ns and output resulTs of a logic
;c1rcu1t

Comments
Not Allowed
Set g
Reset
Idle States

Figure 16. TLegal Inputrﬁpmbinations

an% Output Resufts.

\ A )
Because-of the design of the NAND gate flip-flop, when

inpiuts’ S and R are LOW (or b1nary 0) »FBoth Q aﬁd Q will

become HIGH, a ‘state wh1ch.1s not valid-as a legal output

, for the latch.’ Outputs Q and Q must always be oppos}te

from, or atcompfement af, each other. \

R When the S input is a ‘binary 0 and the R input is a
binary 1, the Q outpyt will oecqme a binary 1 and reflects

a setting of.the flip-flop. The Q output will be a binary 0.

(4
1

4

- - v
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- When the S input, is a b1nary ‘1 and the R 1nput is a
binary 0, the Q output becomes a binary 0 — reflecting a
resetting of the fllp—flop.- The Q output then becomes a
binary 1. Co . .

When the S input and® the R input both_are a binary 1,
the Q and Q outpdt states will,be dependent upon .the states
established during the last input condition. , Therefore, "
when both iﬁputs-are binary 1, the flip-flop préserves last
previous output conditions. These input conditions (S = 1,
R = 1) are used w?en‘the lTatch is placed in the idle (or

-

unchanged). condition. ° .

The Latch Application .
\

One of the uses of the latch is to eliminate switch
debduncing. Switch debouncing.&s a condition that occurs
‘v;ﬁen a switch is transferred from one position” to another.
Figure 17¢illustrates what happens electrically when a
SWltCh is chanoed from one p051tion to another. The sw1tch
is used to change (or SW1tch) from 5 volts to 0 volts, or
back (These are the voltages used to provide inputs to
»the gates that were discussed in the first part of this
~“module.) 't ) , 3
Becayse of- the sprlng action in some switches and the
human finger pressure in others, the switch contacts will
‘Boupgerj;ggusing multiple' mdkes and_breaks — when the switch
is changed from one state to the other. The input to’ the
gate will not know what state it should be in until the
-switch settles down. If the gate stage cannot tolerate
such erratic change, the switch bounce must be removed.
A latch circuit is used to assure a solid OFF-ON or ON-OFF
action in this case. — - L I

’ _ - '~ ED-06/Page 17
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S e I
-5V . .
O HIGH ’ ‘. - .
_XT' \ | ’ - ' OUTPUT
A 5 > ’
ov ¥ : Co *
PULL DOWN TO CHANGE
) —-l__ FROM HIGH TO LOW .
Low — - - .
oo .o ' 28d INPUT . ,
, / 5V REPRESENTS BINARY 1 (HIGH) '

OV REPRESENTS BINARY 0 (LOW)

~-
. \
. . s
, .

SWITCH DEPRESSED o

BOUNC
/OU E\

HIGH

OPEN

" - .
CLOSED — — — 21 | =~ == o -Low
) : ‘ |
" SWITCH RELEASED .
. ‘ | ,
: , .
* Figure 17. Switch Debouncing. L,

- . ]
. °
]

The D *Flip-Flop

LA

The D flip-flop gets its name from the word, 'Data.'s
A series of ON-OFF (1s and 0s) pulses, often called Data,
is applied to an inputcalled the D input. . g -~
The D flip-flop also has a T-input, which is connected
to‘d signal called a toggle signal. The toggle input signal .
determines whéthe} the Data on the D .input will or will
‘not reach the output. The toggle signal-can be' any combira-
tioh of HIGH (]) or LOW'(GYw;igﬁal pulses. The signal
pulses are detérﬁined by the purpose of the D flip-flop.

* .
-

L 4

3
-
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Figufe 18 furthe& jllustrates operation of the D flip-flop.

bs — ; 4
—_— . —
JUuUuL — 51— _fll___hlfTJT_
— 3l Qb5 Q OUTPUT . =
IS A COPY
A . ke , 1 OF D INPUT
BLAGE A BINARY 1 ~____, T '. a __}_> o
ON T LINE ' _U_‘_.M Qs A
\ o - COMPLEMENT
< . N ‘ . OFTHEQ . -
: OUTPUT
v a, T Line High
Se? b ;
P |
) o Q CANNOT
M- rJuo — D ab—s | R | SEE THE
, . O INPUT
- — ’ f
- —_— - N
N . N R N
* PLACE A BINARY 0 ) - F ' V
k ON THE T'LINE : T Q L , _13 opPosITE
. l oF @
v *
b. T Un‘e Low ‘ AN %

Figqrg 18. D Flip-Flop Operat}Tnn -
C::?fghre 18a.shbws that when the T line ij HIGH, what-
ever is'on %he D line will pass to the Q output; the comple-
ment will be passed to the Q output. SRR
Figure 18t shows ‘that when the T line is LOW, neither
the Q or Q.outputs will be a copy of the D 1ﬁput. When -
the T line is LOW, the flip-flop is held in the precegtling
output condition. ' \ S l\
The operation of the D flip-flop acts 11ke a one-way,
ON OFF sw1tch to the signal on the D line 1nput )

- 2

-

| .
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. D Flip-Flop Application ‘ IR
D flip-flops are usually used to étore'data for a given
time period. Figure 19 describes the use of four such flip-
flops to store.conditions of a‘4-switch arrangement. The
switches are in a preset position and,may(be changed from o
‘ -~ time to time. Each time the switch states must be seen, ‘
the T line-fs‘togg}ad HIGH (binary 1 or 5°V). The switch
( “conditions tied to the D line will then be transferred to ,9 CLo

A

the Q output and the complement to the Q output. ~ -

Figure 19 illustrates a circuit called a 4-bit register.

”

The 4 flip-flop registers store each of the four bits of S

‘vitch information when the respective T lines are placed ‘
at binary 1. If the T lines are placed to binary 0, out-
puts retain the lasg set of switch conditions that occurred
when the,T lines were HIGH. This is an importart point,

# because the.D flip-flop — like the latch — is a memory-

storing; mgmory-rqtaining device.

> Al
AN .
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N |
) 3 \ N
- \ [
. \
N | r
AY
1
>
2
(@]
. t
A SINGLE POLE - )
DOUBLE THROW SWITCH .
£
_ INPUTS OUTBUTS ’
Y +5V ) -
. AAAA—@ o _ J \
- e > D! Qqp——> oV
SWITCH 4) - ; _
(BINARY 0 ‘ —> T U wane 5V
’__._Q )
_ > D, Qf—>ov
SWITCH 3
(BINARY 0) ' o— > T,  Ggb— 5V
o— ! D Qq——> 5V
SWITCH 2 ; 713 3 .
(BINARY 1) £° _ .
= h/r—> T3 Qaf—> ov
. > Dy  Quf—> OV
SWITCH 1
(BINARY 0) Q
'

> Ty Q———> 5V

:

TOGGLE SET
TO +5V *
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JK Flip-Flop

The JX fllp flop is the most versatile binary storage
flip-fiop. It not only can perform RS f11p flop and D flip-
flop gunqpions, but others as well. Essentially, the:JK
fliﬁ flop has iwo sets of inputs aftd 'a toggle inputf These
inputs will be dlscussed . S

‘The JF f11p flop 1s really two fllps one drlven by

the other. Flgure 20 shows the general circuit.

“
ENABLING MASTER . . ENABLING SLAVE
SATES " FLIP-FLOP GATES FUP-FLOP
J —t9— s Q : s —e—a
LATCH
K —e . E R Q R ——9—Q
T i >0

Figure‘ZO. JK Flip-Flop Block Diagram.

Figure ZO‘illustrates&a master and a slave latch flip-
flop. A latch is a set-reset type of flip-flop. An enabling-
gate that is controlled by the teggle pulse T precedes each
flip-flop. The T pulse is determined BY the design of a
particular circuit where the JK flip-flop is used.

If the T pulse is set at biﬁary 1, the signal on the
J and K inputs is read by the master flip-flop. As long
as the T pulse remains HIGH, nothing further will occur;
the master flip-flop retains the conditions on the J and

K inputs in its memory.

s
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When the T pulse goes LOW, the memory of the master
flip-flop is transférred through the second set of enabling
gates to the slave flip-flop — and then immediately to the .
Q output. As long as the T pulse stays LOW, the slave flip-
flop (and thus the outputs) will remain as established by -
the previous JK inputs. Any further changes on the JK in-
puts (while the T pulse is LOW) will not be read by the
master flip-flop. This is because with a LOW T pulse, the
enabling gates prior £5=TiEZﬁ;§Eer flip-£flop are disabled,
and act as_an_open switch.

Close inspection will revealkthat the JK inputs' con-
dition will be transferred to the Q output only after two
changes (a HIGH and a LOW) of the T line have occurred.

The master and slave flip-flo are either set or reset
as a result of valid JK inputs an T’pulse'action. The
JK flip-flop can store only a binar? 1 or a binary 0. There-
fore, the JK flip-flop gs primariLy‘a memory device — as
were the latch and D flip- flops.

The symbol for the JK flip-flop is shown in Figure
21. Also shown are two additional leads which are the S
(set) and C (clear) inputs. These leads are used to pre-
establish the slavejflip-flgp state. This is especially
important when several‘f}iﬁ-flops are used to read several
inputs. This application will be discussed.

If the JK leads are not used, and only the T pulse
(alternating) is applled the JK flip- ff&p can be used as
a d1v1de -by-two clock. A clock is a device or stage that
puts out a continuous gquare wave pulse at a given rate.

L

,\D
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Sl’
—>{J . Q—> Figure 21. JK Flip-
Flop Symbol.
> T
—> K Ql—— -
c

-

For revie%, Figure 22 illustrates the appearance of

a squaré wave pulse signal. The S and C leads, as well

as the J and K leads, usually are all tied to 5 volts for a
divide-by-two clock, with only the T lead being pulsed.

a, Rate A

1
b. 2 RateOf A | _

Figure 22. Square Wave Signal.

Figure 22a illustrates the appearance of the input
,.on the T lead and Figure 22b shows what the output Q looks
like when the JK flip-flop operates as a divide-by-two stage.

1

T T N N——
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JK Flip-Flop Applications

-

N ’ .
' Applications mentioned earlier, such as the latch and
D flip-flop, can also be performed. Latch, D, and JK flip-

flop applications will be performed in the laboratory which
follows. .

1]
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| . o EXERCISES

~

Which items below are digital? Which are analog?

a. Ammeter .Y

b. House lights

c. Pressure gage

d. ‘Water level meter ° -
e. . Electric clock

Is an a.c. voltage analog or digital? _°

. -

'Is a d.c. voltage analog or digital?

Four wires (A through D) carry voltage levels repre-
senting a binary number. Assuming wire A is the left-
most level — and level D the rightmost level — what
_number in binary does it represént? Use 1ls and Os

-

to represent the levels shown below.

P

A+ 5V
‘B OV
C oV
D + 5V,

19 1O |w I»>

Using knowledge gained from this and other modules,
draw the logic diagram, -using AND or OR gates, for
the following'switching circuit. "

~

J

¢

' 225 .ED-06/Page 27
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NORMALLY

OPEN St
A \}?/( :

L

)/

NORMALLY
+ - CLOSED

~
-
[o]
>»
[w]

|

et ——

—————
— d
—
-

Figure 23. Switching Circuit.

6. Which of the following is common for the latch, D,
and JX flip-flops? '
a., All have same kinds of inputs (example JK inputs).

b. All have same kinds of outputs (example Q § Q).
//2>§. All have enabling gates.
d. All have SR flip-flops.
7. A 4-D flip-flop registér is. §tori1g a binary number.
The flip- flops are labeled A, B, C, and D from left
to right. If the Q output is used on each fllp flop,

and the follow1ng Q states exist, what binary number
is represented? (Use ls and 0s.) '

A = set B = reset C = set . D = reset

binary ) a
number X —

~ Page 28/ED-06
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Laboratéry 1 ’ ce

1 7400 TTL NAND gate integrated c1rcu1t
1 5-volt, regulated d.c. power supply (500 mA)
1 d1g1ta1 trainer, with data and 10g1c switches- and LED .
indicatoms. _- (Suggest the Heathkit ETW- 3200 D1g1ta1
) Tra1ner, Heathklt Corp., Benton Harbor, Michigan.

.

.« - Trainer 1nc1udes "+5 volt power supply.)-
Laboratory 2 =« . .

2 K
. ?

.1 7400 NAND. gaiae—ﬁt—egrat-ed—c-l—rwli : N

et

1 5-volt regulated d.c, power supply (500 mA) ’ .

1 d1g1ta1 trainer w1th data and 10g1c switches and LED
indicators. (Suggest the Heathkit -ETW-3200 Digital
Trainer; Heathkit Corp., Benton ‘Harbor, Michigan.
&rainer includes +5 volt power supply.)

LABORATORY PROCEDURES

2

LABORATORY 1. OPERATION OF LATCH FLIP-FLOP.
* 1. Construct the circuit shown in Figure 24. V
2. With the’ logic SW1tches in the A and B p051t10ns apply
. power to the circuit. - ‘ »
3.0 It is 1mportant to note the output states as power

s app11ed. Record answetrs in the spaces that follow:,
b 3 ; @

. With power\ngt- ' T o
a A Y
LED indicator 1,= ___ ° (Q output).

LED indicator 2 ‘(Q output).

] - 227 ‘ ED-06/Page 29
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3 . AN

- -
3

14 N ¥
- " (These states are the previous states. Once the
input logic switches are chaw, these states will = ¢
i & % ’ .

\ - . 5

¢hange.) X . .
L » - \ L% Y . . » T . .
. . ~ , ) . - .
{ , . oY
. . : +5V : % -
i , s T TTTTA T am 14 > meIITho . Lo -
. f 1 1 3 , ]
; A ¢——» 3 a _____,:- ~Z:-ya 1 LEDIN ICATOR 1
. . ’
.} toac ! R LA
. | SWITCHES : . L
| ! T o
g I E+____, R . B ":i‘f"‘h i LED INDICATOR 2
‘. 'l . R 5 [] /l \_:/ I f . s
- BN S S A r (I .
\ D A .
GND
PN 14 PINS +5V i
annnq . N o )
. ) ‘ ! ' ‘ :
o .
4 4
PIN 1 PIN7 . : co. ,

.

, . .
Figure 24. ' (NAND Gate) SR-Flip-Flop.

) .
N -

»

4. Using the latch truth table shown in Data Table 1,
apply the combinations shown.for différent .input con-
( R ditions and record the LED 'indicator reSults in the’
output column of the table. Remember that: |
LED ON = binary.l.
. LED OFF = binary 0.

-

,
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LABORATORY 2. OPERATION OF D FLIP-FLOP,

»

Y, Wire the circuit shown in Figure 25.

2. Apply +5V to the circuit from d.c. power .supply.
(This +5V is applied to pin 14,) )

3. Place 1nput data-switch 1 and 2 to the LOW orT b1nary 0
‘state (0 volts). ‘.

. 4. Apply the inputs shown 1n the truth table -in Data Table

Remember ' that
LED ON = binary 1. «
—. 'LED OFF = binary 0. . .
The JK flip-flop will be Qiscussedl in further _det‘ail
- ih Module ED-08. ° S ' ’

sv A ' | #5V
PIN 14 .
Nip———imd i o e e — — A . ‘
DATA SWITCH g'- i BNAT TN L0 rTIT e
NO. 1 &—e—° 4Q g, o LED
LEAD : ',L " 531%1 | INDICATOR 1
PIN 2 —| IN 6, LTy e
! ! .
| fm_a{_ - -
! L Q STy b LED
1 ; H \l ':l"::|ND|CATOR 2
3 pin 12 L=2pIN 10 ] Lo
RN TS STTT T
DATA SWITCH NO. 2 . PIN 7 ‘ . ,
——-—-.T GND -
( . +5V (\
PIN 14 - PIN8 ° : '
nnn(;n

. / . .
/ .

. grgegmey , N . )
. . ».
PIN’ PIN7 :

v Figure 25. NAND Gate Flip-Flop..

.\’\\
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DATA TABLES

— L]

~ TRUTH TABLE:

N

4

o

EABORATORY 1. OPERATION OF LATCH FLIP-FLOP. .

»

Input Conditions

Output Conditions

State (Set
or. Reset)

w > w e
]
H = O O

A
0
0
1
1

B
0
1
0
1

&

LED 2
= \ "'

-

.

>

. LABORATORY 2.. ’OPERATION OF D FLIP-FLOP.

» 4

-~ _ TRUTH TABLE:

,Inﬁut Switches

Output LEDs

D T © Q.. Q
~ Step 3 —p 0 0 ?
) 0 1
" | - Step 4.—pP~ 1 ¢
» . ) ’ 1 1
- ‘ , - - 1" :
./\: ) ) . A L | \\\é’ h" . .
. o \ ‘_ .:’ - . .,'\; 3 -
] ?
. % . , B \ .
- “— —-: "?b /F‘ ’ ’
230
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" TEST-

3.

4,

R

* .; . 3 ) . o. -
The waveform in the accompanying illustration %s..:
a._  Analog. ‘
b. Digital. - ,
~
— R / -
\ '
N
A
\ o
Waveform for Question 1. ~ -
- - <
"The iogic-function béing performed in the illustration .
‘ . < ~ -
shown is... ‘ - :
a. -AND. —_— 2 d t.
b. ¢ A,ND. . \ & ) -
c. OR. o
.d' '—O—ﬁ‘ £ ~ .
The two basic, or general, “kinds of logic stages are...
4 , ? . . . . . ’o ’/N [ g
3 . i = o
If the circuit ‘shown in the illustration with question >
one had an inverter gate attached to its output what °
functlon would the entire stage perform? _ ‘
a. AND. s SR .
’ ;——— - 'f,.
b. AND. .
c. OR. ) - - ‘
*d. ""OR. _— \ . R
- - * . ’ N

— e e e
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e R i
=2
B V. Sty ool

5. A burglar alarm'is designed to alert a security officer if
doors or windows are opened. What basic logic func-
tion is performed?

Vi

a. AND.

b. AND. ‘

c. OR i

d. OR. | .

6. * In the truth table shown, what basic logic function
is being performed?

a. ' Inverter. A | B | C | Output
b.  NAND. bt otloto 1 i
c. ‘NOR. ! o lol1 1 -
d. OR, Lo o 1
0 B I 1
‘ 1} o 01 1
1]o]1].1
- . 11111 0

,7. The Q output of a flip-floé,is Hléﬁ:mmWhat binary state

or condigion is the flip-flop said to be in?
a. Binary 0. . ’ *

- -

b. Binary 1.°

8. If a serie$ of flip-flops are used to generate an out- .

put frequemcy of 250 KHz from an input of 2 MHz, how.
many are réquired (use a JK flip-flop with the J-K

*'..and S$-¢ leads tied to binafy 1)? ’

.a. ' l' “

b. 2. . ,
) C" (m

d'

w cd ’i - [y e
. ’ . ¢
2329

. Yy
‘ - >
- ~ - ’
N -
" ; : '
. s
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9. A flip-flop is the Basic logic stage in.which-ofithe
following types of logic operations?
a. Sequential. ‘

" b. Analog. .
c. a.c.

d. Combinational. '
10. Draw the output waveform for a D-type iip-flop with
\\\7 the D and T.inputs as shown in the accompanying illu- |
- stration. >
P .
' ! ! ] 1 I I I
‘1 [ ] i ! ] ]
_ | —
- ! 1
\ D ' ' | »
1 I i 1 f ! ] -
\ 1 ] 1 1 ! i -
] : !
N\ | .
T : ! I
¢ 1 4 [ 1 } 1 ]
1+ + 2 I 3 1 4 1 5 1 68 1 7 1
Draw output here:
4
1%
! o
‘ ' ED-06/Page 37
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- | . ______INTRODUCTION

\

) This module presents a practical study of some' of ‘the
more basic analog an&-dlgltal systems on the market todaX
The student -should be aware, however, that countless othe

pes of analog'and digital systems ‘exist? In a course ‘of
this size it would be 1mp0551b1e ‘to address ‘each one; however
if interest 1is gener%ted, the student may want to research
this information. Such data can be found,in libraries or
computer hardware material. .

It is particularly important for the student to pursue
«* further stddy in areas such as digital-to-analog and analog-
fe-digital convertofrs. It is also recommended that the stu-
dent keep abreast of new developments in the electronics
field. Many new techmnoldgies simplify eperaﬁion and. extend
features of analog and digital systems. Since the exercise
section of this module reqpires that the student khow some of
. this. information, reéearch may be begun Immediately.

*

- o . PREREQUISITES

The student should have completed one year of algebra,
should be familiar with the concepts of direct current and
alternating current eléctronics, and should have completed .

all the previous modules of this course.

3

L3
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3 . "
OBJECTIVES —— : ;

. . ‘f
Upon completion of this module, the student shguld be
to:

. . . . N
Explain the functional operation of a reguLé%ed power

supply. P A// T ‘
Identify the differenf stages within an , udio amplifica-
tion system. b // . ,
Explain how a signal.flows throughuzy/audio system,

State the cases in which SCRs are ed- and draw the ‘sys-

. tem to opeMete a series d.c. motor.

State the cases in which triacs are used and draw the
system to operate a shunt a.c. motor (control the figeld).
Explain the uses Qf thermocouples and diode temperature
probes. s,
Explain the operatiqﬁ of an operational amplifier tem-
perature sensing.q}rcuit. .

Explain the operation of a humidity controller and light-

sensing system. . . .

State the uses of binary counters.
State the uses of shift registers.

L] o 1



\ : - SUBJECT MATTER
ANALOG SYSTEMS

The term “analog" refers to a method of commdnicating
infbrmation through continuous, varying signals. This con-
cept, ‘Wwhich is also called '"linear," may be represented by a
sine wave such as that produced on an oscilloscope. -

Several types of basic analog dystems are described in

" the following paragraphs.

POWER SUPPLIES

All electronic system§/require a power supply from which
a direct current (d.c.) voltage is generated by converting
alternatifg current (a.c.) to d.c. The more,mode;n supplies
have coﬁponent§ that regulate d.c. voltage. These components,
called voltage regulators, are tRe final stage of the power

supply v —_— S

The first elestronic d.c. voltage regulators that were
manufactured included stdges similar to those shown in’Figure

‘1. In the figﬁre, each block  represents a stage constructed

around a transistor. The}efore, earlier systems consisted of
discrete compohents.
Recent developments, however, have led to the use of

1ntegrated circuit packages for stages. The result of this

‘new design is a much smaller réfulator Figure 2 .shows an

example of an IC.package regulator and how it is.connected
to the pewer -supply-. The 5-V regulator shown, has only. three
leads comlng out of the sealed package. The chip is {gzzted
inside the sealeg\facakge and therefore cannot be repaired;
it must be replaeég if fallure occurs. '

4
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- R SERIES

- PASS . : : Lo
| TRANSISTOR . I ~

: SAMPLE
ERROR. ERROR
UNREBUIATED | AwmpLIFIER [«] DETECTOR [* ADEy | RESULATED -
voLTAGE . VOLTAGE
Vi) : “Vour?
EFERENCE
VOLTAGE

e

£

Figure 1. ectronic Voltage Regulator.

{

Figure 2 shows a fused 110 volts fed to a transformer

The output from the full-bridged rectifier 1is

(s{epdown).
Then, the 5-V

first smoothed by the use of capacitor Ci.
regulator removes any remaining ripple and outputs a smooth,

non-changing 5-V d.c. voltage.

7\ / .
VALY ,
- ¥4 ' l . +5V +8V
' —m Q,/'(? < T \ .
' a/18 PLy )
SLOW-BLOW P - - voLT
110V l ) PILOT LAMP c.]| |FEGULATOR — ,
(NEON)  §Ry C Eout= ™5V
27K 2000|:IFT 5

:
’

D.C. Power Supply with IC Package Regulator.

7/

“Figure 2.
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AUDIO SYSTEMS <\/// )

Audio system amplifier frequencies range between about
20-20,000 Hz. . These frequencies are the lowest of all a.c. <\
frequencies encountered in electronics. ' |

’

There are several types .0f systems — usually so named
+ by the type of "between the stage'" coupling used. As was ] .J
‘learned earller, ‘the couplings could be of the direct current |
capacitor, or transformer types. Two such examples follow:

) ‘

4

Direct Current Coupling

Figure 3 illustrates an audio direct current coupled
amplifier. (The exception is the input to the first stage
and the output to- the last stage.) As stated previously,. a
d.c. ampiifier can pass either d.c. or a.c. signals, but the
example shown below illustrates an amplifier pa551ng a.c.

L d

signals. - —~ . — - - - | e e . |

Rowut] @ 1ST AF AMP 9 2ND AF AMP Qs)ourPuT  ” |
@r"? c{asv i

~ S uf |
T . lev |
_— * E @ f “
- av |
= |

~~ h : }

; . ‘

|

r
. . o 8 == 1
. - . ALL STAGES OPERATE . |
- CLASS A C4)ix
T RN ) .
Figure 3. D.C. Coupled Amplifier. = 2.
' o , ED-07/Page 5 rw
\) t s 24 0 . 1
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are more frequently used in this type of system.

~

The coupling used between Q3 and Q. is 51mply a wire.

' All of the signal coming out of the collector of Q3 will
‘enter the base of Qs without any loss or decrease. There is

a resistor located between Qi and Qs. .A review of previous

information yields that a resistor paéSes d.c. or a.c. and al-

ternates each equally. The resistor Ry, will reduce the value ~

of the signal, but it will not distort the signal shape-

The chief advantage of d.c. coupling is that the signal
is not distored since a resistor alone cannot cause distor-
tlon Direct current coupllno is used in low-power applica-
tions where dlstortlon has to be kept 'to a minimum.

. .
Capacitor and Transformer Coupling 3

The audio system shown in Figure 4 incorporatés bot;\\\

capacitor and transformer coupgi;j: Close inspection reveals
ers

that Q} and Qs are Class A ampliRers, with Q¢ Operating to
its maximim limits (Class A) to.drive the‘transformer'primagyf
of T;. The secondary of T; has tko-windings, each of which®
prov1des a signal to Qo and Qi:. These Iatter transiétors
operate Class B in such ‘a way that Q,, amplifies only one-
half of the slgnai, whereas Q11 amplifies the other.. The out-
puts of Qio and Qi are recombined in the primary winding of

" N
T, and through transformer action first to the secondary and

finallv to the spéaker.

The capaéitor and transformer coupled amplifier system
uses PNP transistors. . PNP transistors are common; hpwever,
NPN transistors, or a combination of PNP and NPN transistors,

‘- o

. 247 | .
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- '/
‘ . o < ‘ -
]
hl <&
AN
, . 3
AUDIO FROM FEED BACK PATH é;soon '
DETECTOR \ 5%
1 30K :
AF AMPG) AF AMP ORIVER ouTPUT
Yo50 07 26875 3% 28878 - @9 25873 @ @’ 28877
VOLUME :
s6000 ¢-8Y

LASS B
S8TAGES

- o ..
Dl:)
®a
L4
|
;ﬂt@@‘

[

1

THERMISTOR

fzagssoon 136&,1"(

v

"5.2Y ' 01 &9y OUTPUT
. 28877

Figﬁre 4, Capacitor and Transformer -
Coupled Amplifier.

Y ¥Most modern systems of - audlo ampllflérs are maklng the

trén51t10n to Ehe IC package area,. Complete low -power ampli-

fiers are often w1th1n the reach of 4 single "chip." High

power amp11f1ers then'are designed to use several chips. In

very high power amp11f1ers, the. output Stages are di -

translsEPrs because_of theohigher,heat tréa;ed. L S 4
e .

SILICON- CONTROLLED RECTIFIERS -
C P

C. CONTROL SYSTEMS

A variety of élrcultsucan be derlved with silicon con-
,trolled rectifiers (SCRs)éﬁo con d.c. motor C1rcu1ts
Figure 5 shows a slngle,ph@ss hﬁ}i;&ave‘speed control system .-
for. a d.c. series motor. Adjusfment of potentiometer R, will
determine the triggering of the SCR. Increasing the gate
voltage will cause the SCR to fire sdoner-during each a.c.
cycle of the power source — which means that the 'SCR will be

. ED-07/Page 7




-4 *‘\
: . w '
) L)
R1
47K
acé Asgfu%% Figure 5. Series
POT R Motor — SCR Control.
25K 3 . i .
D4 e

| T

. "ON" for a longer period of time. Thus, the motor will run
faster. Once the potentiometer is left at a prede‘termineé‘ad-
» justment, the speed of the motor will settle at one speed.
Sili\;qr speeds are obsained by reducing tﬁe gate voItage.

. T reduction is aécomplished by;adjusting R, in the oppo-
site diregtion from the one that was used to measure the
speed.

Figure 6.shows a SCR control circuit that 1is uséd to
" control a d.c. shunt motor. Close inspection will show that
T a.full-wave bridge rectifier provides a constant d.c, voltage
. > ..
to the field winding.
‘ Figure 6. SCR D.C.
- : . \
. > » ngTGEER‘ . Shunt Motor Control.
~
sounceg 7 | ciRcurt
FIELD .
- ’ ‘ ‘
N - : A 4
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The speed of this motor 1is changed ny controlling the

"ON" time of the SCR; thus providing a given current and
voltage to the armature.’ Because the i{SCR 1is a one-nay device
for current flow, adjusting the.gate circuit will determine

}how long the SCR is ON. More current and voltage will be
pr0V1ded for the armature when the SCR is gated ON longer;

_ and less current and voltage will be provided for the arma-

‘ ture when tne SCR ig gated ON forsa shorter)getiod of time.

P

TRIACS-A.C. CONTROL SYSTEMS

_Triacs are used to control the power fed to a.c. devices.
Figure 7 shows a straightforward circuit functioning from
an a.c. source that controls the power being fed to 4 lamp.
Motors and other deV1ces of course, also ¢an be controlled
- by a similar circuit. This particular circuit might be found
" “in residential lighting systems. '

- o— . . 2
X . :
KX Rz
gy
- SUPPL
: TRIGGER
/7N 110VAC ~ H CIRCUIT
X - ' )
P ) e
, Cq -
v ,
e L

. ¢ ' ,
-Figure,7. Straightforward Circuit From an A.C. Source.
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)

A L

Figure 7 shows an adJustable input to the trigger cir-

cu1t so the lamp can be- adJusted for various degree of bright-

ness as desired.
plied to the input of the trigger circuit,

The voltage across the capacitor Ci'1s ap-
which, in turn,

‘supplies the proper triggering voltage to the triac. Depend-

" ing upon the voltage applled,,the lamp will be made to light
Changﬂng the adjus'tment of R, will,

at a given brilliance.

'in turn, change the brightness of the lamp.
* I

TEMPERATURE MONITORING SYSTEM?

.

|
|
|

-

.

The thermocouple is a poﬁular dev1ce for measuring tem-

twisted- at one end.

3!

. r=---
D S . -
Y
Tm, - A :;
(800 =mmay
. | B I
THERMOCOUPLE IRy 3
PROBE P ,
/ Iy
!
1_ T
ol -_r.f-
Figure 8. {

-

g

1ncreases.

¢

temperature can be measured

-

) |
- = perature. ¥his device is constructed of two dissimilar wires
Figure 8%shows a simple system in which

TEMPERAT!}?E COMPENSATION ckt

w
N

Ro

R

-

o

AN

|
oo

P
E

1

»

VOLTMETER
CALIBRATED
IN
TEMPERATURE

s

Tm1 is the temperature thermocouple.
v o 'near the probe increases, the voltage across points .
THis voltage isffed to the temperature

Thermocouple Temperature System.




¢

within their junctions.

compensatioo'circuit. Resistoggﬁz in this compensation\c;f-
cuit is used to compensatk for non-linear.characteristics in
the probe. ‘Rz, along with. Ri, Rs, R, Bi, and Bz, provides
proper Voltages to the Voltmeter, which-is calibrated to mea-
sure the temperature from the probe

There are four baslc ranges in which thermocouples can
be purchased. Flgure 8 jllustrates the voltage output for a
given temperature range It should be noted that these probes
are for: temperatuxes that range as high as 1400°F to almost
3000-°F. . .

When temperatures that range below about 200°F must be.

measured,

SOlld state diode probes can be used

Slllcon diodes — when heated — Vary the actual re51stance
These diodes, .therefore, can be used
to sense tfemperature changes.

L]
using a sjlicon diode probe and temperature calibrated meter.

Figure 9 shows a simple circuit

s

-

o o _ - L]
Ry 1k Q RES, . :
e N
——o0 112y -
0 ' - .
04 S . .
. TEMPERATURE
2N2484 § . METER
- O
O—
= TEMPERATURE
A - CIRCUIT \J

Te

Slllcon Diode Probe ‘and Temperature
Calibrated Meter.

R&Eupé 9.

] v

AsYtemperature changes, the voltage drop across D, in

the probe also changes'.

3

This voltage drap change, is sensed

L
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by the temperature circuit and, in turn, provides a d.c.
rvolitage to the‘} m\orrito'r temperature meter.

“ A system similar to the one above — but one in which
data can-actually be stored and displafed — is shown in
~Figure‘i0a. '

. ) ) ANALOG / MICRO - GRAPH ,
. - [SENSOR M,"H"F"EB‘u—ofew*a—eonvsmsn" COMPUTER ~
N RECORDER
M '
a. Block Diagram-Temperature Circuitry
to
z g o e
CONTROL
GRAPH
’ & . . a\j
.................. .
— o
|
v §
- — 1 i
p L |
. 1
N +8V i
—— T - -, —‘ ~~~~~
D/A CONVERTER _,VW.l"““,
B Lo—_2L R SR I
: A T +12V o—— .
N < - ™ +5v o__—]t -
. * .- . . ‘ A —
’ . =1 MICROCOMPUTER
: TAPE -7°
RECORDER ‘ - Y
) “

b.. Actual , Clreuitry -,
) J 3. ¢ . ~ N
g ' Figure 10. Temperature Monitor and Record Chart.

-~

. . . 4 c
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Figure 10b shows the circuitry that is used to.inferface
" the femperature probe with, this tape recorder ahd graph.
With this system, the changing temperature per time is plot-
ted on the graph. The tape recorder is used to.reqord data
. for future use. - ‘

. b
The microcomputer's role is to control the system through

an internal program. First, the data from the probe is read
a number of times per hour. After the data is read, the mi-

crocomputer sends the results to the - graph,” Whlch is continp-
uously running and recording. The operator per10d1ca11y Te-

_ceives the graph results from the tape recorder The cassette
tapes can. be retained and used for future studles and re- .
search. + This particular system is presehyly available u51ng
the KIM-1 microcomputer board and associated c1rcu1tryu

<N\ . ° '

\

HUMIDITY CONTROLLER

Energy management appllcatlons include enV1ronmental
monitoring and control. Flgure 11 dlsplays one method of ..
controlllng the relative humldlty inside a bu11d1ng

Figure 1la shows the physical requ1rements The air:
within a bu11d1ng_1s sampled via a sampling vent wh1ch chan-

‘nels air into a weg-dry bulb-unit. Depending upon the air
"condition" sense& by this unit, e water-inlet solenord valve
is opened, allowing water to be fed to the drip emitters which
ejeqt atomized water into the air duct system. Because the
air is constantly monitored, the relative humjdity can be rea-
sonably controlled. b -~

NS The wet and dry bulbs inside the sen51ng unit are wired

to the c1rcu1t_shown in Figure 11b. It is this circuit that.

1 4

<

) , ' - . "Ed-07/Page 13
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T AIR FLOW
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’
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4
’
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4
4

y [ —5> TO AIR DISTRIBUTION
A OUTLETS AT VARIOUS LOCATIONS

TRAL BB W

SAMPLED AIR

SAMPLING CHAMBER ‘ A

/-SAMPUNG -AlIR BLOWER

- Vourt, . )
RELAY
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1K -
Q,

v

+8v ©C
‘ T~ Rererence

R VOLTAGE
H 8K ¢
WATER
CONTACTS | . .
ON* RELAY SOLENOID L . )
b, , Control Circuit.
(4 '

Figure '11. Humidity Controller.

.

av *
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L
controls the ON-OFF operation of the water inlet solenoid ,

valve shown at the top of Figure 1lla.
The R and Rd (wet-dry bulbs) are part of a bridge
circuit. 0perat10nal amp11f1er )} receives its signal voltages

"from the bridge circuit. As the relative humidity décreases,

the bridge becomes more uhbalanced, causing the output from,
the bridge (Vbridge
This op amp is a non-inverting amplifier which increases the

) to increase. Op amp 1 amplifies Vprjigge.

signal about 50-80 times, depending on the choice of the

sisters attached to the minus (L) input.

Op amp 2 is a voltage cohparator. It compares the volt-
age on its plus-(+) input to the voltage on its (-) inmput.
When the op amp 2 (+) input becomes greater than the‘voltage
on'thé.(-) input, its output causes transistor Q.f to conduct.
The output also activates the coil of relay R, which, in turn,
activates the solenoid valve. :

This system is designed to keep the humidity, from~{5h11nc
below a specified pifcentage thap was chosen previously by
the bridge circuit design. Units of this type can be pur-
chased for residential or commercial applications.

LIGHT-SENSING SYSTEM ‘
‘. ¢ “?"‘3

T

4,

. A system that can be used to track the sun so & solar
collector can be rotated on a motor-driven base is' shown in
Figure 12a. . '

In Fiéure 12b, thé sun rays, when, they strike the surface
of the photovoltaic cell, produce a voltage output. from the
gell. - This voltage is used to drive the input.of & high ga1n
transistor. The transistor output current activates relay R

ED-07/Page 15
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AN

FOCUS
\ ASSEMBLY
- SOLAR

SENSING COLLECTOR
CONTROL — I l

v . - MOTOR ‘DRIVEN PLATFORM |

-

~ a. Sdlar Coltector Rotates
*12V

‘ lneuw R— 5
‘CONTACTS TSR -
CIRCUITRY

(TRIAC CONTROL )

HIGH GAIN

PHOTOVOLTAIC TRANSISTOR

CELL v

—
-

#» b, Tracking System Clredit -

4,

Figure 12. Solar - Sun-Tracking System.

and its associated contacts, which, in turn, send a signal
to the motor control circuit to turn off the motor. The

‘motor will, therefore, hunt for the sun until the sun strikes

the surface of the cell. : ' -

On cloud\ days or at nlght the system would continue to
hunt if additional c1rcu1try to prevent this was not added.
A simple circuit not shown heke must be incorporated to per-
form this latter task. 2

3
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DIGITAL SYSTEMS

Digital systems communicate the saﬁe information as ana-
log systems but divide it up intd a series of measurements,
commun1cated by means of a binary code. When the number of
measurements per any given length, of time s greater the
accuracy of the digital representation becomes greater.

The following paragraphs present two examples of basic
digital systems. N

BINARY COUNTERS -
«

"
Figure 13 shoys a- digital or binary counter model 74193.
This unit only counts binary numbers, and is capable of count-
ing them as high as 1111z (15:0). Looking closely, note four
“data 1quts and -four data outputs It also has the ability
to count up: OT down or clear itself and reset to 0000.
Incorporated in this one-piece IC are four J-K flip-
flops .and siveral gates that are combined to perform one main
function. o
The inputs can bet connected to. switches or electronic
ldigiﬁal circuits, and the output can drive four LEDs or other
*dig' ital circuittys -Figure ld4a_shows one example of the hook-
up. x . . o 7
Note particularly that there'is a carry and borrow fea-
ture. In any up-down counting sequence (as in mathematical.
addition and subtraction problems) a carry or borrow may °*
occur. Figure 14b shows the actual pin connection for .the .
74193 binary counter.

\‘ ( .’ ‘ .
252 ED-07/Page 17 |




+5

GND
T
16’ |a

‘ ) BORROW
———— 7). (13)| OUTPUT
. — (12
DATA IR i=——=k0), ARRY
INPUT A | (15) OUTPUT
j1 . - o 8 .
) bown | 1P o W@
COUNT —H o = 14 OUTPUT A
=TT x
COUNT [ &
RN T
oATA {49 v
INPUT B 4 |
(2) ,
‘ =13 B OUTPUT- B
, 20 T |
18 B
K (e
Do )
’ — * —L; CH] (
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= 4t | oumeur
7 W% J =L
]
DATA —-&!
INPUT D : par SR
CLEAR (E ik 0 OUTPUT O
\ B
= (1
“Loap |11
>4 -
Figure 15. A ,4£po Binary Counter System.
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' LED’'S
,
| L A~ 8 ¢ » : .
) ‘- p——-—— CARRY
COUNT gg
2 INPUT 056193R )
COUNT DOWN . _ . —o——— BORROW
INPUT A B - C D
X .
UL <k k' L k SWﬁgLES
I euti DU SRR S B
a. 4-Bit Counter Application .
INPUTS OUTPUTS INPUTS
TOP VIEW < 2 < <
.4 Q > = =
- < < o x Q. . < <
§ T.4 5 & 3§ 5 o
> o (5] @ Q 3+ ¢ D
16— 15— 14— 13}—{12—11}—{10— 9 - ot
T T I T T I
g A 5 g E .Q Cc
uw 3 « Q
-d 3 < -d
o g .°
NO‘_I’CH' B @ ' . D . N
== -
22 39
. % O 38 8 0¢c Op
I . T I I I
. 1 23 4 5 6 7 8 )
DATA O Op - o aQ .0 o]
B B A 28 <@ c p GND
% ) OUTPUTS 25 S OUTPUTS
INPUTS
N . b Pln Connecﬂons -74193 00unter
e e = S
Flgure 14. - A 4-Bit Binary Counter.

SHIFT REGISTER

» lar to Pinhry counters.

However,

g

254

In many respect§,'shift registers are electrically simi-
the individual elements are

ED-07/Page 19




“ wired so that the information stored in one bit location can
» be shifted to another bit location. Fjigure 15 shows this

concept. .o l

o

. Original Storage EO ~ 0 0 11

‘Ist Shift Left 0 ~:§a 1 0 T

- ©~ 2nd Shift Left 0 1 0 O
, e

a, Left Shift

Original Storage 1 o 0l ° 0

. 1st Shift Right’ 0] 1 [o 0

b. Right Shift |

-

Figure 15. Shift Register Principle (4-Bit). ¢

2nd Shift Right’ 0 . 0 1 0 #
When a shift left A5 performed, all bits shift one posi- )
tion to the left. Of/course, a right shift causes all bits )

to shift one positio the right. .Figure 16 shows the dia- .

. Figure 16 shows that to form this system, four flip-
flops are us%d, as-well as several 16gic gatgs. The results g
of themipiftféare displayed extefnally on the added LEDs,
;1-L4. The inputs come from serial iﬁputs from bthe; asso-

» gram of a 4-b}t 1C shiff register. - . . l

ciated éxternal circuitry.

Page’ 20/ED-07 ,
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N ® 5 -
3 i . '
EXERCISES
/

1. Locate a diagram of a small solid-state audlo system
) ‘and determine the following: e

a. What types of transistors are used. C —

b. What types of IC stages are used. : . ,
2. Locate a diagram of a microcomputer board (Heathiit

ET-3400; KIM-1 6562; Motorola D, Kit; and so forth),

and through research, determine what new IC chips are

used and what functions they perform.
3. Research and list the functions of the following IC
~ devices: N )

a, Digitdl decoders (use a 7442 TTL IC BCD to

decimal decoder). - : .
b. Digital multlplexers (use a 74151 multlplexer)
e
.ITABORATORY MATERIALS

+5 volt power supply @ 100 mA - )
ﬁreadboard system for circuit construction
D.C. voltmeter
Components ,

1-74193 synchronous binary counter . R

2-7476 dual J-K flip-flops

NOTE: The Heathkit ET-3400 digital trainer is one such
breadboard system that functlg%s well ‘for the -follow-
ing experiment. It also has the power supply on- board.

*
’ ’
\ﬁ | |
. S
.
.
. .
* ~
.
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. specific uses are timing, sequencing, and storage. As are °*

LABORATORY PROCEDURES

- cw s

The onective of this laboratory is to examine the
characteristics and operation of a binary counter. A,;
counter is categorized as a sequential logic circuit.> Its ' :
other sequential circuits, this one has memory capable qfiﬂ ;
storing binary numbers. After this laboratory is completed,f
note, particularly, the flip-flops used and the timing cir-’f
cuitry. —J . ) ‘
1 Construct the circuit shown in Figure 17. (Use the T

7476 J-K' flip-flop chip.) It is actually a binary

counter. Do not apply power yet. ,

C s

A LED INDICATORS ;

L4 L3 L2 L1 o
A B . Ic D ‘ }
" L4 L3’ L2 L1 .
i *% B8 C D -
B 1;{3 151 jj 74764iJ 819
FROM LOGIC 4! L L4 | < ow
swiTcH X (i ; QJ -_:_ Q ﬁu-ﬂ:l{ Q ;o )
. Mk Ka—l?{e--—KU Kk a2
. . 18 ) —| I— ¥ 8 v —l v 13 &
' 3| 141121 8 s[f} 3[ 141121 8 ﬂ fL
. ,5V - .
5V ’
- —
° FROM DATA
. SWITCH SW1 ‘23?4&3%° . ; ‘
. : ' ) -
Figure 17. Binary Counter, Using J-K Flip-Flops.
¢ N ' ’
NOTE: Figure 13 sho¥s-the pin-out for the 7476 IC. ’
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TOP VIEW. N
Figure 18. 7476 J-K Flip-Flop Pin Diagram.
2. _The following data is necessary.before-starting: -
a. LEDs are as follows: S
LED A (least significant bit) |
; | |
1 ) C )
D (most significant bit)
b. 1. Logic switch A will be used to step the
counter (timer lead).
2. Logic switch B will be used to reset the
.counter.
'3, Data switch sw-1 is used to inﬁht.the
—~

counting numbars.
b. This 4-bit counter’ can count from 00600 to
1111. Upon reaching-one more count past )
. 1111, the counter will trip back to 0000" - . .
° NOTE: Wait until the instructor has checked all w1r1ng
‘ before applying power.
- 3. The countér experiment will begin with the data switch

« set. to binary 1.  Now apply power. (Leave sw-1 high.) \
'~ - . )
i. Y . -
S S » ED-07/Page 25
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w

Record the states of ur LEDs. ‘/~ (;/ﬂ g
D MSB ‘
C ——————
. B . A .
o v o
A - LSB : y

" Reset the counter by -operating logic switch B.
operated,
#hich resets all flip-flops.)

(Nhen
a binary 1 will be applied to the,reset lead
“When the B switchQis_té-ﬁﬁ

leased, thé counter should reset.,

Record the states.of the four LEDs. : .
D ____ LSB : : o
C___ Fad

A :

. A MSB .

Step the counter by operating the loOic switch, & One

full operation of. this switch Should ause the counter ,

. tp add 1 to‘%he binary counter number .~ Record this data o

_ the data in the Data#Table (columns 7b through 7

11.

"1rn thepData Table (colunmn Ta)!

Continue

epping counter

until the number 15 (11112) has been reacheds

Recgord <

5.

Step rhe counter one more time (logic switeh A).

Racord LED output in the Data Table. 3 -
: Discussion: The counter Data Table should
reflect a count in Jbinary from_ 0000 to 1111,

with- all intermediate numbers present.

By: *©

Attach a 1-Hz clock pulse to tife logic switch A lead

Reset timer (logic switc

~

The counter ‘should count automatically. Does it?

Before doinf so, remove the wire.from logic switch A.

Shut off the trainer. ‘

Py

Require the circuit to reflect Figure 19.

A
~

26 / R n
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4 gQ

A
-

NOTE: In this section of the lab, the counter will be

L2 L1
(¢] D
L2 L1
ic D
v, s 19
FROM LOGIC 4 —. . )
SWITCH . 1 .Q 1 L:°"11 ‘
A K K g2 .
1 i 11 [y e
85 f& = 3| 14Ll6h28] 5] L . '
N +5V i
) +5V ) .

FROM DATA van
SWITCH SW1 ' Swiren &

3

¢
Figure 19. Binary down counter.

$

set to count down. '

With sw-1 up’ (binary 1) —apply—pewer;—and-reset-counter

by momentarily depressing logic switch B. .. ‘
Record the data hererand place it in the Data Table as .
shown. s ' ’

D—

c_ —~ .

B .

A

>

Step the counting, using logic switch A and record the '

results in the Data Table after each step. Record the

-

", decimal number ‘og the right. ] : o

Does the counter step down? - B

+

Qoﬁnect a 1-Hz clock pulse to the place.where the logic .
switch A is cogn@c;edl Before doing so, remove the logic
switch A wire. What happens to the counting? , L
. ‘ N -

,' " . ’
. ‘ " 'ED407/Page 27
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: . |
DATA .TABLE

DATA 'TABLE
D C B A

(Step 5) Reset 0
Step 7a 1 Y
Step 7b 2
Step 7c 3
Step 7d 4
Step 7e B
Step 7f 6
Step 7¢g 7
Step 7h 8
Stép 71 9
Step 7j 10
Step 7k - 11
Step 71 r 12
Step 7m 13 .
Step 7n 14
Step 70 15
Step 8 '* 0 N




. X &
Y ‘/
Data Table. Continued.
. L= e e e e
D C B A Decimal No.
Step 10 ‘
Step 11 ) o .
s
’ \ -
’ <, ,
N :
- \ * -
& oy 1 o
]
. . ¢ |
/' + -

A
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. TEST

Name the five parts of an electronic vo
(discrete or integrated sytem).

¢

[SVEEN @ I @ pE V]

e.

ltage regulator

A d.c. amplifier cannot pass a.c. (Trué or False)

The trigger voltage on an SCR must be ‘to.
. casue it to trigger. i}
a. d.c.

b. a.c.

‘C. Neither of the above.

d. Either of the above.

Triacs ar; used to control ’

a. 'd.c. motors.

b. a.c. motoph.

c. Neither.

d.- Regulators.

Thermbcouples can measure temperaturés accurately

from ... _ > or i .
a. 0-50°F.

b 0-220°F. N ~

c. 50-100°F. :

d. - above 200°F.
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6. Would the circuit shown below allow the solar tracking
system to stop hunting if the sun was behind clouds or
if it was dark outside? )

a. Yes.

b. « Nd. '

c. The T, ‘contacts should be N/C. ,
d

The motor would burn up.

)

Vi ~
-~

T4 ' +12v

— 0050009 ——©

<—— CONTACTSOF T
_.”._._ J 1

FOCUS .
ASSEMBLY R, N/C T2

| \ +12V
- CONTACTS ‘
- ' % Rz =
kY . . o - ) 2
. . TO MOTOR ™ UGHT CELL
CONTROL (IF SUN SHINES
CELL OUTPUTS

VOLTAGE)
. _ AMBIENT UGHT _— -
. LEVEL ADWST T
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Binary counts <can count only in binary directly. How

far could an 8-bit counter count? (Start at 0 as the

first count.) -~ ?

a, 7 :

b. 15 b
c. 31 ’

d. 63

e. 127 .

f. 255

Shift registers are used to multiply and divide in
binary. Looking at the 8-bit register shown below
what would the binary number be if the regiéter was
'shifted right three places?

»

4
.



